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with natural antishock pressor hormone 


bitartrate 


pulls the “‘inoperable” emergency patient out of shock . . . readies patient for surgery... 
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to stop flow of fluid. Fool-proof, 
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MORTON GROVE, ILLINOIS) = 
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® nonaddictive, relatively nontoxic, well tolerated 
@ well suited for prolonged therapy 


@ no blood dyscrasias, liver toxicity, Parkinson-like 
: syndrome or nasal stuffiness 


@ chemically unrelated to phenothiazine compounds 
and rauwolfia derivatives 


@ orally effective within 30 minutes for a period of 6 hours 


for anxiety 


For treatment of anxiety and tension states and muscle spasm 


2-methyl-2-n-propyl-1,3-propanediol dicaroamate—U.S. Patent 2.724.720 
Tranquilizer with muscle-relaxant action 
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New Brunswick, N. J. 


SUPPLIED: 400 mg. scored tablets (Bottles of 50 tablets) 
Usual Dosage: 1 or 2 tablets t.i.d. 


Literature and samples available on request 
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Present status of “‘A.P.L.”? therapy 
in cryptorchidism 


TREATMENT IS CONSIDERED AT LOWER AGE LEVELS 
HIGHER DOSAGE REGIMENS ARE NOW RECOMMENDED 


Many clinicians advocate therapy with chorionic gonadotropin between the ages of 5 to 7; 
others suggest instituting treatment at ages ranging from 3 to 14.'® Those practitioners who 
advocate therapy in early childhood or before puberty do so in the belief that a delay in 
treatment may result in irreversible aspermatogenesis. In most cases, 10 to 12 years would 
appear to be an appropriate age to start therapy. In addition, larger doses of chorionic gon- 
adotropin than those formerly employed are now recommended on the basis that these 
will produce a greater incidence of satisfactory responses.? 


Diagnostic use of “A.P.L.”—A therapeutic trial with “A.P.L.” will constitute a valuable aid 
to determine the need for surgery. Failure to respond may indicate an anatomic obstruction. 


Definitive use of “A.P.L.”—A large percentage of cryptorchid testes will descend following 
therapy with “A.P.L.” 


Preoperative use of “A.P.L.”—Therapy will usually facilitate orchiopexy increasing the 


size of the testes and the lengths of the cords. 


Postoperative use of “A.P.L.”—Follow-up therapy may be employed as an aid to preventing 
retraction of the testes. 


L.. 


Brand of chorionic gonadotropin {human} 


virtually painless on injection 
practically free from local reactions 


Suggested Dosage Regimens (depending on age}: 


{1} 4,000 1.U., three times weekly, for two 
to three weeks, or 

{2} 1,000 I. U., three times weekly, for six to 
eight weeks. 


Caution: Evidence of sexual precociousness is an 
indication for the immediate withdrawal of treat- 
ment. After regression of undue development, re- 
duced dosage regimen may be resumed. 


Availability: 

In Dry Form 

No. 972—Each package provides one “‘Secule” ® 
containing 20,000 I. U. and 10cc. vial of sterile 
diluent containing 0.5% phenol. 

In Sterile Solution 

No. 999—1,000 I. U. per cc.—10'cc. vials 

No. 500—500 I. U. per cc.—10 cc. vials 


Bibliography on request 
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combination of choice for postoperative prophylaxis and 
stat therapy for mixed bacterial infections: 


penicillin and dihydrostreptomycin 
combined therapy in just 
one injection from just one vial 


Compsiotic P-S (Dry PowpeEr) 


1.0 Gm. Formula: 300,000 units penicillin 

G procaine crystalline, 100,000 units peni- 

cillin G potassium crystalline, 1.0 Gm. di- 

hydrostreptomycin sulfate, per dose. 

0.5 Gm. Formula: same penicillin content 

as above but with 0.5 Gm. dihydrostrepto- di 
mycin sulfate, per dose. 

ComesioTic AQUEOUS SUSPENSION 

(ready to inject) in 5-dose “drain-clear” 

(10 cc.) vials. 


Combiotic is also available in 


STERAJECT 


single-dose cartridge 
sterile disposable needle 
universal unbreakable syringe 


Comsiotic AQuEous Suspension, 400,000 
units penicillin G procaine crystalline plus 
0.5 Gm. dihydrostreptomycin sulfate 
Other Pfizer injectables available in 
Steraject single-dose disposable cartridges: 


Penicillin G Procaine Crystalline in Aque- 
ous Suspension, 300,000; 600,000 and 
1,000,000 units 


Permapen® Aqueous Suspension, 600,000 
units benzathine penicillin G 


Streptomycin Sulfate Solution, 1 Gm. 
Dihydrostreptomycin Sulfate Solution, 1Gm. 


(smaller, 22-gauge needle for most dosage 
forms minimizes injection pain) s 


Prizer LABORATORIES, Division, Chas. Pfizer & Co., Inc., Brooklyn 6, N. Y. 
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IN WIDELY ACCEPTED DESIGNS 


Vitallium hip prostheses of the Moore, F. R. Thompson, 
and Eicher types have been implanted in thousands 
of successful cases. Intramedullary-stem designs, they 
closely approximate the anatomical outline and 
contours of the upper portion of the femur. Heads 
are light, hollow, strong and highly polished for 
smooth articulation. 

All three types are available in five different 
head diameter sizes. 


MOORE TYPE 


@ The Moore type is designed with fenes- 
trations for added support. 


@ The F. R. Thompson type is available in 
three variations—straight, right and left. 


@ The Eicher type is characterized by teeth 
on the underside of the collar to 


EICHER TYPE 
inhibit rotation. 


Austenal® instruments are available for all 
three to aid operative procedure. 


AVAILABLE ONLY THROUGH AUTHORIZED SURGICAL DEALERS 


AUSTENAL, 


DIVISION 
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Stainless 


Cardiovascular Instrument Brochure 
available upon request 


*Patent Applied For 


the Kapp-Beck 
Serration* 


Another Important Development 
in Cardiovascular Instruments 


by SKLAR 


Patent ductus clamp 
straight or angular 


These Sklar instruments with the 
new Kapp-Beck Serration have been 
clinically evaluated and found to be 
highly acceptable for all procedures 
in the cardiovascular field. 


The rounded shoulders of the teeth 1 
minimize trauma and insure a posi- 7 
tive grip with gentle pressure of the = 
jaws. 


Blood vessel clamp 
large or small curve 


=v 

| Coarctation clamp 
Available through accredited Surgi- — or angular 
cal Supply Dealers. 


LONG ISLAND CITY,N. Y. 


Bronchus clamp, angular 


Bulldog clamp 
2”, 3”, 34” 
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in urinary tract 
infections of pregnancy 
delay is dangerous... fo 


“Approximately one-half of the patients have 
some permanent damage to the urinary tract.’”* 


Specific for genitourinary tract infections 
- rapid bactericidal action against a wide 
range of gram-positive and gram-nega- 
tive pathogens and organisms resistant to 
other agents « negligible development of 
bacterial resistance + excellent tolerance 
—nontoxic to kidneys, liver and blood- 
forming organs + safe for use in preg- 
nancy2.3 


FOR RAPID ERADICATION OF INFECTION 


AVERAGE FURADANTIN DOSAGE: 100 mg. 
q.i.d. with food or milk. Continue treat- 
ment for 3 days after urine becomes sterile. 


SUPPLIED: Tablets, 50 and 100 mg. 
Oral Suspension (25 mg. per 5 cc. tsp.). 


REFERENCES: 1. Rives, H. F.: Texas J. M. 52:224, 1956. 
2. Diggs, E. S.; Prevost, E. C., and Valderas, J. G.: Am. 
J. Obst. 71:399, 1956. 3. Macleod, P. F., et al.: Inter- 
nat. Rec. Med. 169:561, 1956. 


NITROFURANS 
a new class of antimicrobials—neither antibiotics nor sulfonamides 


EATON LABORATORIES =) NORWICH, NEW YORK 
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Out of bed sooner and on her way faster after 


Cerofort tablets 


(Critically essential L-lysine with all the important vitamins) 


In biologic emergencies, protein requirements go up. But this is the very time when 
appetites are poor — when injury or disease has caused great losses of proteins, as 
well as vitamins and other nutrients. All too often patients “don’t feel like eating 
meat” and choose cereals. 


Cerofort Tablets help speed convalescence. They contain sufficient L-lysine, the 
critically essential amino acid, to compensate for the inadequate composition of 
cereal protein and to increase its tissue-building value. In this way, protein require- 
ments may be met even though meat eating is avoided. Cerofort Tablets also provide 
a full complement of essential vitamins in therapeutic amounts which play a vital 
accessory role in protein synthesis and wound healing. 


Just 3 Cerofort Tablets a day, one with each meal, supply: 


L-Lysine a - 790 mg.* Niacinamide . . 
Vitamin A . 25,000 U.S.P. Calcium Pantothenate. . . . . o's 
Vitamin D . U.S.P. units Vitamin By 2 .4meg. 
- 10mg. Ascorbic Acid . - 300 mg. 
Pyridoxine Hydrochloride . *equivalent to 600 mg. L-lysine 


Supplied: In bottles of 60 tablets. 


P. R., in Clinical Nutrition, Jolliffe, N., et al., eds., New York, Paul B. Hoeber, 
ic Pp. 


and for the special needs of adolescents and adults: 
(L-lysine with 


Coerofort’® inporan vitamins) 


first with lysine WHITE LABORATORIES, INC., Kenilworth, N. J. 
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new single-use KY steric Lubricant 


: guarantees a sterile jelly for each application. No lost caps 
... no contamination. 


ANOTHER QUALITY PRODUCT FROM THE RESEARCH LABORATORIES OF 


© J&J 1957 
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save money... 


and valuable time 
in your hospital 
with 


the only 
one-step, sterile 
additive vial 

for use 

with parenteral 
solutions 


Add medication to parenteral solutions directly — asep- 
tically—in seconds. 


NO AMPULES + NO NEEDLES + NO SYRINGES 


Simply remove the tamper-proof cover.of INCERT and 
push sterile plug-in through large hole in stopper of 
solution bottle. It’s that easy... and a completely 
closed, sterile system. 


TRAVENOL LABORATORIES, INC. 
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The American Journal of Surgery 


publishes the papers of 


The Pacific Coast Surgical Association 
The American Society of Maxillofacial Surgeons 
The American Association for the Surgery of Trauma 


The American Journal of Surgery, Inc. 
49 West 45th Street, New York 36, New York 


NOW AVAILABLE IN INCERT® SYSTEM 


VI-CERT — Lyophilized B vitamins with C 


POTASSIUM CHLORIDE SOLUTION 
20 mEq K* and CI~ in 10 cc. sterile solution (2 mEq/cc.) 
40 mEq K* and Ci~ in 12:5 cc. sterile solution (3.2 mEq/cc.) 


CALCIUM LEVULINATE SOLUTION 
10% solution, 1.0 gm. (6.5 mEq of calcium in 
10 cc. sterile solution). 


SUCCINYLCHOLINE CHLORIDE 
for skeletal muscle relaxation 

500 mg. in 5cc. sterile solution 
1000 mg. in 10 cc. sterile solution 


POTASSIUM PHOSPHATE SOLUTION 
Contains 30 mEq K* and HPO,= in 10 cc. sterile solution 


Pharmaceutical Products Division of BAXTER LABORATORIES, INC. 


MORTON GROVE, ILLINOIS 
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CAMBRIDGE 


OPERATING pc 
Top Control! Pane! ROOm CARDIOSCOpe Bulletin 
Sensitivity 
R 
Sweep Potion Rat Inia 
en 
Focus 
eter Z 
Standstill Alerm Set Sweep Second Dial 
Cathode R ay Se 
reen 
Stand 
Fuse Access endardization and 


R 
(Patient Circuit) emote Contro} Switch 
Lead Selector Switch 


Ace ess Cover Plate 


R 
Power Supply Cable emote Control Cable 


Elevator Pedal 
(to raise ) 


Send for 
BULLETIN 183 E 


THE CAMBRIDGE OPERATING ROOM CARDIOSCOPE continuously indi- 
cates to the Surgeon and Anesthesiologist any lead of the patient’s electrocardiogram and 
instantaneous heart rate or the patient’s electroencephalogram. The instant the heart rate drops 
below a selected critical minimum, an audible alarm gives warning of approaching cardiac 
standstill. To simultaneously record any portion of any lead of the Electrocardiogram or the 
Electroencephalogram, a Cambridge Simpli-Scribe Electrocardiograph is located outside the 
Operating Room. The Cambridge Operating Room Cardioscope is a must for the modern 
hospital doing modern surgery. 
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The” 


WN Books for the Surgeon | 


LITTLE, BRO 


GILLIES and MILLARD 


The Principles and Art 
of Plastic Surgery 


“All that goes into making the surgeon’s pro- 
fession a book of life is here in abundance: a 
compilation of hundreds of cases gathered over 
the years, with their thousands of hours of 
patient work at the operating table, on the 
wards, and in the consulting room, and with 
their human touches of drama, both comedy 
and tragedy.” From the foreword by Jerome 
Pierce Webster, M.D. 


| 


This two-volume work is both a textbook of plastic surgery unique 
in its humanness and coverage of twentieth-century developments and 
an autobiography of the outstanding plastic surgeon of the century. 
With 2772 illustrations, including 122 in color. $35.00 


© Jessiman and Moore, CARCINOMA OF THE BREAST: 
THE STUDY AND TREATMENT OF THE PATIENT. A new and orig- 
inal work reviewing the present status of work in the field based 
on current knowledge. J/lustrated. $4.00 


® Lewis, PROGRESS IN CLINICAL OBSTETRICS AND 
GYNECOLOGY. “Can be recommended to all physicians. . . 
an excellent condensation of clinical advances during the past 
fifteen years.”—Annals of Internal Medicine. Illustrated. $12.00 


® Martius, GYNECOLOGICAL OPERATIONS. Uniquely dif- 

ferent because of its 450 magnificent illustrations, many in color, 
this text presents in step-by-step sequence the topographi- 
cal and anatomical basis of gynecological operations. $20.00 


At your Medical bookstore or from 
t Medical Book Department LITTLE, BROWN & COMPANY, 34 Beacon St., Boston 6, Mass. 
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GREATER FULFILLMENT 


OF THE DESIRABLE EFFECTS 
OF THIOBARBITURATE ANESTHESIA 
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A YOU CAN CONFIRM THESE CLINICAL EXPERIENCES 


Significantly faster detoxification 
and elimination than 
either thiopental or thiamylal!2 


Shorter duration of action! 
Considerably less accumulation?-+6 
More rapid, complete recovery*->-7 
Strikingly rapid awakening!** 
Better moment-to-moment control* 
Less postoperative supervision! 
Fewer postanesthetic side effects*:7* 


Clinical findings such as these suggest 
an early trial with NERAVAL. 


NOTE: 


Lower milligram potency and more rapid detoxifi- 
cation of NERAVAL compared with thiopental and 
thiamylal provide greater clinical safety and better 
moment-to-moment control. For equivalent anes- 
thetic effect approximately 1% to 2 times as much 
NERAVAL is usually required. 
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IN INTRAVENOUS ANESTHESIA 


“the shortest-acting thiobarbiturate so far known to us...”4 


e Shorter duration of effect' 
e More rapid, complete recovery**’ 


e Diminished cumulative action®*** 


HOW YOUR PATIENT BENEFITS 


Rapid, pleasant recovery. 


Unusual freedom from prolonged postanesthetic 
depression or “hangover.” 


Shortened period of postoperative incapacity. 
- Heightened patient morale. 


HOW YOUR HOSPITAL BENEFITS 


e Less crowded recovery rooms. 
e Shortened postoperative recovery period permits 


Bis ; : earlier assignment of nurses to other 


hospital duties.1 


PACKAGING 

— NERAVAL Sodium Sterile Powder: vials of 
. 1 Gm. and 2 Gm., boxes of 6 and 25; vials 
: of 5 Gm., boxes of 1 and 25. 
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e Fitzpatrick, L.J.; Clarie, D’A.C., and Mersch, M.A.: 
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x Perlman, P.L.: J. Pharmacol. & Exper. Therap. 
@ 117:287, 1956. (5) Ayd, F.J., Jr.: Neraval: A new 
= anesthetic for electroconvulsive therapy, Paper pre- 
Se sented at annual meeting, Electroshock Research 
Association, Chicago, Illinois, April 29th, 1956. (6) 
Irwin, S.; Stagg, R.D.; Dunbar, E., and Govier, 
W.M.: J. Pharmacol. & Exper. Therap. 116:317, 1956. 
(7) Reifferscheid, M., and Dietmann, K.: Deutsche 
med. Wehnschr. 79:638, 1954. (8) Dietmann, K.: 
Deutsche med. Wchnschr. 79:1748, 1954. 
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KOAGAMIN 


parenteral hemostat 


5 controls and prevents blood loss 


Saves patients from the necessity of transfusion in many cases,! 
by providing rapid, safe* hemostasis systemically. Avoids trans- 
fusion hazards (death 1: 1000 to 1:3000, jaundice 1:200).? 


Saves blood in various types of hemorrhage...safely...by acting 
directly on the last phases of the clotting mechanism. 


Saves time in office and operating room by stemming capillary 
and venous bleeding and preventing hemorrhage. 


1, Joseph, M.: Control of Hemorrhage—or Transfusion, Am. J. Surg. 87:905, 
1954. 2. Crisp, W. E.: Editorial; One Pint of Blood, Obst. & Gynec. 7:216, 1956. 


KOAGAMIN, an aqueous solution of oxalic and malonic acids for parenteral 
use, is supplied in 10-cc. diaphragm-stoppered vials. 


*no untoward reaction—including thrombosis—ever reported in 18 years of 
clinical use. 


CHATHAM PHARMACEUTICALS, INC » NEWARK 2, NEW JERSEY 


Distributed in Canada by Austin Lab- 
/, oratories, Limited, Guelph, Ontario 
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(NALORPHINE HYDROCHLORIDE U.S.P.) 


When narcotics are a standard part of the obstet- 
rical preparation, prophylactic use of NALLINE 
offers many benefits. Injected five to fifteen minutes 
before delivery, NALLINE reduces significantly the 
need for resuscitation and time required for the 
newborn infant to gasp and cry. In the mother, 
NALLINE combats narcotic-induced respiratory 
and circulatory depression and facilitates induc- 
tion of inhalation anesthesia. NALLINE antagonizes 
morphine, heroin, methadone, Dromoran®, Levo- 
Dromoran®, Nisentil®, Dilaudid®, Pantopon®, and 
Demerol®. 


Supplied: tn 1-cc. and 2-cc. ampuls (5 mg./cc.). Also, in 1-cc. ampuls (0.2 mg./cc.) for neonatal 
use. NALLINE comes within the scope of the Federal Narcotic Law. 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO,, INc., PHILADELPHIA 1, PA. 
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Thanks to radiography 
and photography 


physicians and students can review this classic case... 


1. RESECTION OF COARCTATION OF AORTA: Radiograph shows 
enlarged heart and eroded ribs — indications of the condition. 


With the visual data reproduced on these pages— 
preoperative radiograph of the patient’s condition, color 
photographic record of the surgical procedure—the attending 
physician, the radiologist and the surgeon have material 

for discussion, for teaching and research, for 

publication and exhibition. Like ripples from a 

pebble thrown in the water, experience 


2. Resected coarctate segment of the aorta. 
Turn page for color illustrations of surgery. becomes an ever-widening force! 
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Kodak 


TRADE MARK 


Anytime — anywhere — physicians, stu- 
dents, researchers who have access to the 
material shown here, can study this case, 
view the radiographs, review the steps in 
surgery. learn from the problem and its 
solution. 


The cost of this visual data? Small in 
comparison to its great educational value! 


For Radiography: Kodak Blue Brand 
X-ray Film and Kodak x-ray processing 
chemicals meet the most exacting require- 
ments. They are always dependable —uni- 
form. Quality-controlled—rigidly tested — 
they are made to work together. 


For Color Photography: Kodachrome 
Films for miniature and motion-picture cam- 
eras; Kodak Ektachrome Films and Kodak 
Ektacolor Films for sheet-film cameras; 
Kodak Ektachrome Films for roll-film and 
miniature cameras; Kodacolor Films for roll- 
film cameras and cameras accepting No. 828 
film. Kodak color print materials are also 
available. 


Order x-ray products 


from your x-ray dealer, photographic products 


from your photographic dealer. 


EASTMAN KODAK COMPANY 
Medical Division 
Rochester 4, N. Y. 


3. Exposure of coarctation and ligamentum arteriosum. 


4. Coarctation of aorta with distal dilatation and large intercostal 
arteries. 


5. Completion of end-to-end anastomosis of aorta following resec- 
tion of the coarctation. 
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1. Miller, J. M.; Surmonte, J. A.; Ginsberg, M., and Ablondi, 
F. B.: Streptokinase Intramuscularly in the Treatment of Infec- 
tion and Edema. (Scientific Exhibit) Postgraduate Medicine 
Vol. 20, No. 3: 260-267 (Sept.) 1956. 


“OBSERVATIONS ON THE INTRAMUSCULAR USE OF STREPTOKINASE? 


1. Most patients showed beneficial clinical effect after 24 hours. 
2. No aggravation of infection. 
3. No delay in wound healing. 


4. Ten per cent of patients had temperature rise of 2 to 3° F., easily controlled 
by medication. 


5. No changes in peripheral blood picture. 
ie 6. No significant alteration of prothrombin time. 
7. No fibrinolysis.t 
8. Some pain and tenderness at injection site in about 60 per cent of cases. 
9. No hemorrhage, hematoma or petechiae. 
10. No granulomas at injection site. 
11. No chills, cyanosis or allergic reaction. 


| DOSAGE 


og Five thousand units of streptokinase in 0.5 cc. of physiologic saline administered 

“| intramuscularly twice a day for at least six doses. Treatment may be continued 
longer if necessary. It may be given preoperatively where considerable edema is 
expected postoperatively. 


PRECAUTIONS 


1. An antibacterial drug must be given with the intramuscularly administered 
streptokinase. 


2. Streptokinase should not be given to patients known to have defects in the clot- 
“ting mechanism.” 


tNo fibrinolysis detectable in circulating blood stream. 


VARIDASE Intramuscular provides remarkable control of inflammation in many 
different types of lesions, simple or infected, including abscesses, cellulitis, 
epididymitis, hemarthrosis, sinusitis, and thrombophlebitis. 


| VARIDASE Intramuscular (Water Soluble — No Oil) —Simple mixing instructions 
: are included in the package literature. 


Administration: INTRAMUSCULAR, deep in the upper, outer quadrant of the 
buttock. 


. S. Pat. Off, 


t Ledenie) LEDERLE LABORATORIES DIVISION. AMERICAN CYANAMID COMPANY, PEARL RIVER. NEW YORK 
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paper 
suggests 
3 uses for 


by colostomy patients 


4 ‘In case of skin irritation around the colostomy’’ Desitin Ointment ‘‘under 
the dressing would be effective.”’ 


= “to prevent possible stricture of the stoma at skin level’’ the patient 
should be taught to insert a gloved finger covered with Desitin Ointment. 


Ointment. 


After ileostomy and colostomy Desitin 
Ointment affords persistent soothing, lub- 
ricant and healing properties in helping 
prevent, and clear up skin excoriation. 
Tubes of 1 oz., 2 oz., 4 oz., and 1 Ib. jars. 


WHY NOT REQUEST SAMPLES? 


a The catheter used for irrigations ‘‘may be lubricated’’ with Desitin 


DESITIN cHEMICAL COMPANY 
812 Branch Ave., Providence 4, R. I. 


1. Breidenbach, L., and Secor, S. M.: Proper Handling of 
the Colostomy Patient, Amer. J. Surg. 93:50, 1957. 
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@ —the new “Scott” 3 
\| Dissecting Scissors @ 
with shorter blades, | 
| longer shanks—for 
| more cutting power 4 
with feather-touch 
finger control 
NEW WECK °SCOTT” OUTLINE OF STANDARD 
DISSECTING SCISSORS MAYO SCISSORS 


ae Merely changing the former ratio of scissor shanks to blades from 
2 to 1 to 3 to 1 means more delicate, more accurate cutting with 
far less finger pressure. This improvement also permits the “‘slen- 
derizing” of the scissors throughout its entire length resulting in 
an ideal combination of strength and light weight PLUS perfect 
balance and “feel”. This basic principle has been applied in the 
re-design of a number of Weck Scissors and Forceps. It is one 
reason why the new line of Weck “Slenderized Surgical Instru- 
ments” has met with such enthusiastic response from America’s 
leading surgeons. “Scott” scissors are available in 544”, 7” and 9” 
lengths with either straight or curved blades. 


In surgical instruments — “American-made” means “better-made’’. 


EDWARD WECK inc. 


135 JOHNSON ST., BROOKLYN 1, N.Y. 


| 
a Manufacturers of Surgical Instruments + Hospital Supplies + Instrument Repairing 
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HE Sanborn Model 169A-OR Viso-Scope is a self-contained 
electrocardiographic system which may be used in the presence of 
explosive anesthetics with complete confidence in its safeness because of its 
approval by the Underwriters’ Laboratories for use in ‘Class I, 
Gap C, Hazardous Locations,”’ defined in Article 510 of 
the National Electrical Code. The definitions 
therein of such locations include hospital 
operating rooms and any other area where 
combustible anesthetics are administered to 


The patients’ electrocardiogram (or other 
cardiovascular event) is seen on the screen of 
the viewing unit the instant it occurs, in the 
form of a bright yellow fluorescent image of 
exceptional sharpness and definition, and with a 
four seconds duration. The user has precise 
control of sweep speeds of 25, 50 and 

100 mm/sec. Complete and instantaneous lead 
selection may be made. An illuminated 


For descriptive literature reference scale on the screen provides for rapid 
or further details about estimation of ECG complexes and heart rate. 
Model 169A-OR Viso-Scope, address Should a written record be desired, 


provision has been made for cable connection to 
SANBORN COMPANY an unattended ECG remotely located in an 


175 WYMAN ST., WALTHAM 54, MASS. adjoining room or corridor, with recording 
controlled from the OR Scope. 
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.for'a choice of catheters 
that have always served better 
because they’ re made better 


for dependable hemostasis and positive. 
_ drainage, leading urologists and-practiti 
have long relied on ACMI'Hemostatic 
Bag Catheters—characteristically superio 
in in purity of latex and in every detail of 
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each dose is fresh 
.. for complete potency 


FOLBESYN 


VITAMINS LEDERLE 


B COMPLEX + C 


Separate packaging of dry vitamins and diluent (mixed immedi- 
ately before injection) assure controlled dosage. The folic acid 
solution is specially prepared to preserve full potency and to serve 
for quick solution of the dried vitamins. FOLBESYN may be con- 
veniently added to standard intravenous solutions. 


Dosage: 2 cc. daily. 


Each 2 cc. dose contains: 


Thiamine HCI (B;) 10 mg. 
Riboflavin (B2) 10 mg. 
Niacinamide 50 mg. 
Pyridoxine HC! (Bg) 5 mg. 
Sodium Pantothenate 10 mg. 
Ascorbic Acid (C) 300 mg. 
Folic Acid 3 mg. 
Vitamin 15 mcgm. 


t Lederle) LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, N.Y. 


*REG. U.S. PAT. OFF. 


You can rely on 


B-P FORMALDEHYDE 
GERMICIDE to... 


contains HEXACHLOROPHENE (G-11*) 
KILL vegetative ges and spore 
formers within 5 minutes.* 


Kl LL the spores themselves within 3 


hours. 
KILL tubercte nacitti within 5 minutes* 


SURGICAL 
INSTRUMENTS 


Used as directed, it will not in- 
jure keen cutting edges, points 
of hypodermic and suture 
needles, scissors and other 
‘sharps’ .*. . nor rust, corrode 
or otherwise damage metallic 
instruments. 

IT’S THE ECONOMICAL 
ANSWER towards keeping 
annual costs for solutions and 
instrument replacement and 
repairs at a minimum. May be 
used repeatedly if kept undi- 
juted and free of foreign matter. 


*Comparative chart sent on request 
Ask your dealer 


*Trademark of Sindar Corp. 


SUGGESTION! B-P CONTAINERS are all 
especially designed for convenience in con- 
junction with the use of B-P GERMICIDE. 


PARKER, WHITE & HEYL, INC. 
Danbury, Connecticut, U.S. A. 
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the "solution” to 
80-95% 
of fluid balance problems 


omeolytes’ | 


A practical system for fluid balance therapy 
is now possible using only four solutions. 
These solutions, the Mead Johnson Homeo- 
lytes, can be used to provide electrolytes and 
water for maintenance or repair in 80 to 95% 
of patients with fluid balance problems. 
Homeolyte dosage can be readily individ- 
ualized for infants, children and adults. 


Homeolyte Solutions simplify many fluid bal- 
ance problems for the busy physician. An 
easy-to-understand Homeolyte Information 
Kit describing the rationale and use of the 
new Homeolyte Solutions is available. Write 
to: Parenteral Products, Mead Johnson, 
Evansville 21, Indiana. 


MEAD JOHNSON 


SYMBOL OF SERVICE IN MEDICINE 
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_ Comparison of stability of penicillin G and penicillin V in acid media 


MINUTES aftr 10 min., 65% of pencilin is destroyed 


after 30 min., 86% of penicillin G is destroyed 


Litty 


| QuaLity / RESEARCH 


The penicillin designed 


after 60 min., 99% of penicillin G is destroyed 


_. The penicillins have been subjected to a pH 
_of 1.5 at 37°C. at the stated time intervals. 


specifically for oral administration 


V-CILLIN 


Dosage: 125 to 250 mg. (200,000 

to 400,000 units) t.i.d. 

Supplied: Pulvules—125 and 
250 mg. 

Pediatric suspznsions—125 and 
250 mg. per 5-cc. teaspoonful 
Also, ‘V-Cillin-Sulfa’ (Penicil- 
lin V with Triple Sulfas, Lilly), 
tablets and pediatric suspension 


5 ELI LILLY AND COMPANY 


(Penicillin V, Lilly) 


‘V-Cillin’ is the only penicillin that passes 
through the stomach without significant loss 
of potency and is rapidly absorbed in the 
duodenum. Thus, ‘V-Cillin’ usually gives 
you a clinical dependability comparable to 
that of parenteral penicillin. In fact, the 
literature generally agrees that ‘V-Cillin’ 
can be effectively and safely used in many 
conditions previously treated parenterally. 


733033 


* INDIANAPOLIS 6, INDIANA, U.S.A. 
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The American Journal of Surgery 


VOLUME 93 


APRIL 1957 


NUMBER FOUR 


PRESIDENTIAL ADDRESS 


Mechanisms and Obligations in the 
Teaching of Trauma 


UMEROUS authorities have called attention 

to the increasing number of accidents 
and deaths, and have emphasized the need for 
improving standards of care in the surgery 
of trauma. The fact that there were 93,000 
accidental deaths in the United States last 
year and 9,350,000 injuries in all types of acci- 
dents (National Safety Council) is ample proof 
that trauma deserves serious consideration. Of 
this group, 38,000 deaths and _ 1,350,000 
injuries were caused by automobile accidents. 
Since the number of injuries from numerous 
causes seems to be increasing, and since the 
standard of care of the injured is low, we must 
devote more energy and thought to this 
problem. 

So many accidents occur in these modern 
times that almost every hospital now has an 
emergency room of one type or another. For- 
tunately, industry has learned how to keep the 
incidence of injury to a very low figure during 
working hours in factories. However, the 
public has not learned to take proper pre- 
cautions when driving automobiles or carrying 
out the usual activities at home. The types of 
cases admitted to the emergency room in the 
various hospitals vary considerably depending 
on the location of the hospital. 

Emergency Room at Illinois Research Hos- 
pital. It might be of interest to summarize 


some of the experiences in our own emergency 
room at the Illinois Research Hospital. In the 
first place, I believe the responsibility of the 
supervision of a busy emergency unit is so 
great that it almost requires a full time surgeon. 


At any rate, the duties of supervision should 
not be assigned to someone as busy as the head 
of a department of surgery. Although it may 
not be feasible and indicated to have a director 
or supervisor spend full time in the emergency 
room, the service must still be his chief respon- 
sibility. This person must have a true interest 
in trauma and by nature must be conscientious. 
Since I, as head of the department of surgery, 
do not believe I have enough time available to 
supervise the emergency room, I have ap- 
pointed a young but fully trained surgeon 
(Dr. John Schneewind) to be the chief of our 
emergency service. 

The. Need for Assignment of Responsibility 
in an Emergency Room. The responsibilities 
of the chief of the emergency service vary 
considerably, depending primarily on whether 
or not medical students and interns must be 
included in the teaching program. We should 
recognize two functions of the emergency 
service: (1) the maintenance of high standards 
in the care of the injured patient, and (2) the 
teaching of various phases of trauma. In our 
emergency room at the Illinois Research Hos- 
pital we have students, interns and residents 
in training. The intern is the physician in 
charge. We have learned through somewhat 
bitter experience that he must be put through 
a period of education and indoctrination for 
several days before he begins his duties. Other- 
wise he will make numerous mistakes, some 
of which may be serious, before he learns the 
various precautions and principles in the care 
of the injured person. The intern is told above 
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everything else not to assume responsibility 
if there is the slightest doubt that his decision 
may be wrong. If he is not sure about the 
accuracy of his decision, he must call the 
resident in charge of the service to which the 
patient would be assigned. If the resident is 


| 2 BEDS 
MEN 
FXAM 
ROOM 


WAITING 


EXAM & CONF. KM. 


OFFICE J 


RECEIVING 
PLATFORM 


> 
2 

\ 
v 
é 
a 
> 
r 
c 
2 


Las 
RAY Bor 
X- RAY 
OPERATING 
PLASTER & 
Room 


Fic. 1. Emergency rooms at the Illinois Research 
Hospital. 


not certain about the accuracy of his opinion, 
he must call the attending man on duty. Every 
night a trained surgeon is on call in our emer- 
gency room to accept responsibility. Some of 
the problems can be settled over the telephone, 
but many indeed will require the attending 
surgeon to go to the emergency room and see 
the patient. Needless to say, no surgeon should 
be assigned to night calls in an emergency 
service more than twice a week. 

Students in two classes from our medical 
school are assigned to the emergency room. 
Two or three senior students are assigned from 
6:00 P.M. to midnight or later for a period of 
several days. We find it more advantageous to 
assign these students to the emergency service 
at night, largely because the most serious 
emergency cases are seen between 6:00 P.M. 
and 1:00 A.M. and because this assignment does 
not interfere with routine class work. In addi- 
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tion to senior students, four to six freshman 
students are assigned to the emergency room. 
Obviously these students act only as observers. 
However, during their term of observation 
they see a great variety of cases and not only 
appreciate the importance of care in the 
injured patient but also learn some of the 
principles in the care. 

The Need for Preparing Directives for an 
Emergency Room. We have found it essential 
to write up directives describing precautions 
and principles of treatment. We have tried to 
keep these directives short and to the point, 
and not too voluminous. Some of the important 
principles in the care of the injured patient 
are assembled in the form of “Ten Command- 
ments.” Altogether, Dr. Schneewind has found 
it essential to have twenty-five or thirty pages 
of mimeographed material to cover the impor- 
tant points necessary in the education and 
indoctrination of residents, interns and stu- 
dents. In addition to these mimeographed 
sheets, we have a small library containing some 
of the important books on trauma which the 
intern is encouraged to read while waiting 
between cases. Preparation of these mimeo- 
graphed instructions and maintenance of a 


library will of course not be necessary if the 


emergency service is designed purely for 
service and not for teaching. 

Although numerous mistakes have been 
made by younger staff men in our emergency 
room, fortunately very few of them indeed 
have resulted in significant deleterious effects. 
The prevention of serious errors in our emer- 
gency service is due largely to the conscientious 
efforts of Dr. Schneewind to have the personnel 
in training familiar with important features 
before they start their duties. As might be 
expected, we found that most of the serious 
mistakes were made shortly after we started 
the emergency room. As the entire resident 
staff becomes familiar with numerous problems 
in the emergency room, a certain amount of 
education takes place among the entire group 
around the dining-room table and in the house 
staff lounge. When the entire staff is properly 
aware of the problems in the emergency room, 
the incidence of serious mistakes will diminish 
considerably; at least that has been our ex- 
perience. Our efforts to minimize errors are 
aided by four overnight beds in two small 
wards adjacent to the emergency room. 
(Fig. 1.) If there is doubt about the diagnosis 


— 


>: 
f 
| 
-f 
1 
. q 
| 
wey women 
| 
: 
| 
| BATH BArH 
| 
i 
| 
| 
Z io” 
4 | 
‘a 
Z 
Z 
vs 
BTER, 
Z 
4 a 
4 
| 
Z 
Z 
Z = i 
. 
| 
| 
‘ 
3 | 
‘ 
5 
: 
| 


Presidential Address 


which appears to involve a serious decision, 
the patient is kept overnight for observation. 
Common examples of such diagnostic problems 
are inebriated people with contusions of the 
head, or patients complaining of mild pain in 
the right lower quadrant of the abdomen but 


TABLE I 
TYPES OF TRAUMA OBSERVED IN THE ILLINOIS RESEARCH 
HOSPITAL EMERGENCY ROOM (JULY I, 1955 TO 
JUNE 30, 1956) 


One of the great difficulties in the care of 
injured patients is the fact that so many regions 
of the body or organs may be involved. In an 
automobile accident there is no limitation to 
distribution of injury; the kidney, brain, stom- 
ach, femur and many other organs of a patient 


TABLE 1 
ADMISSIONS TO HOSPITAL FROM EMERGENCY SERVICE IN 
THE ILLINOIS RESEARCH HOSPITAL (JULY 1, 
1955 TO JUNE 30, 1956)* 


No. of | Per cent of 
Cases Total 


62.5 
Injuries to the head.......... 242 13.6 
Injuries to the chest.......... 72 4.1 
Abdominal injuries........... 34 2.0 


*In this hospital, fractures are assigned to ortho- 
pedics, not general surgery. 


with findings insufficient to make a diagnosis 
of appendicitis. 

Analysis of Data Derived from the Emer- 
gency Admissions at Illinois Research Hospital. 
Analysis of information taken from the records 
of our emergency room reveal some data which 
were rather startling to some of us. In the 
first place, the incidenée of injured people con- 
stitutes only a small portion of the total number 
of patients seen, namely, approximately 13 per 
cent of 14,481 patients seen in the emergency 
room during the last twelve months. However, 
a great proportion of the non-traumatic cases 
represents acute problems which actually 
furnish good training for surgical personnel in 
the care of trauma itself. Another surprising 
feature found in our data was the fact that 
fractures constituted only 13.7 per cent of the 
injured people coming into our emergency 
room. (Table 1.) This represents strong evi- 
dence, indeed, that trauma and fracture are 
not synonymous terms. Lacerations constituted 
62.5 per cent of the entire number of injuries. 
Another surprising feature about the data from 
our emergency room was the fact that the 
medical, and obstetrics and gynecology wards 
admitted almost as many patients from our 


emergency service as did the surgical wards 


(Table 1). 


Sheila No. of | Per cent of 

Cases Total 

Obstetrics and gynecology... . 254 20.7 
Neurosurgery ............... 88 7.2 
140 | 11.5 
32 2.6 


* Total number of patients seen, 14,481. 


may be injured in the same accident. The care 
of these injuries may require the attention of 
three or four different specialists. 

The Need for Establishing Mechanisms for 
Improving Care of the Injured. If it is true 
that the standards of care or treatment in the 
field of trauma are seriously in need of improve- 
ment, something should obviously be done 
to correct this situation. We now know that 
one of the most effective mechanisms of ele- 
vating standards in any specialty is the estab- 
lishment of a method of certification for 
trainees in that specialty. The fact that trauma 
involves so many specialties makes it obvious 
that certification in this field is complicated 
and requires much more thought than the 
establishment of certification for a_ single 
specialty. 

In the first place, in any consideration of 
certification in trauma I should like to empha- 
size that there should be no change in the 
boundaries of any of the specialties. The 
specialist should be called in to care for the 
patient as in non-traumatic cases. The primary 
purpose of such certification would be to im- 
prove the surgeon’s knowledge of the field of 
trauma which automatically would involve 
better teaching methods or mechanisms. There 
are many reasons why this certification in 
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trauma should be set up within the framework 
of the American Board of Surgery. 
As stated previously, there are no limitations 


‘to the extent of an injury and the number of 


organs affected. The patient might have an 
intracranial injury but also have a ruptured 
bladder which at first was presenting no symp- 
toms. Under such circumstances the neuro- 
surgeon must be aware of the early manifesta- 
tions of perforation of the bladder lest treat- 
ment be delayed in a situation which demands 
immediate action. Any number of combinations 
of types of injuries could exist. Is it not 
obvious, therefore, that all specialists should 
have a wider knowledge of trauma including 
injuries in other specialties even though there 
is no intent that they will treat injuries in other 
specialties? Accordingly, a plan of certification 
should include a program of wider training in 
trauma for all specialties. The abdominal 
surgeon should have some training in the 
manifestations and principles of treatment of 
injuries to the head, and the neurosurgeon 
should have some training in the manifesta- 
tions and indications for treatment of ab- 
dominal injuries, just as the urologist, ortho- 
pedist and other specialists should have 
some training in various types of injuries. 
The securing of extensive diversified training 
of this type would of course be difficult and 
time-consuming. However, we must remember 
we cannot get “something for nothing.” 

Mechanisms of Obtaining Training for Certifi- 
cation in Trauma. At the present time the 
mechanisms for obtaining training in trauma 
are so inadequate that immediate thought 
should be given to development of training 
programs in this field. Theoretically, training 
in trauma might best be obtained in the resi- 
dency period. However, if the resident is to 
have training in other specialties, as suggested 
herein, it should be emphasized that it would 
not be necessary for him to carry out the 
definitive treatment in the other specialties, 
particularly since he is not being trained to 
treat definitively. He should be trained to 
recognize injury to various organs of the body 
so that the proper specialists can be called in 
without delay. 

The diversified training referred to heretofore 
represents training which should be required 
routinely of all residents but would not in 
itself be sufficient to fulfill the eligibility re- 
quirements for certification in trauma. It ap- 


pears logical that in addition to a requirement 
of several months’ training during a residency, 
approximately two years’ full time or five 
years’ part time should be required of the candi- 
date before he is eligible to take the examina- 
tion for certification in the surgery of trauma. 
In the first place, we must confront ourselves 
with the important fact that practically every- 
body engaged in surgical teaching seems 
opposed to setting up a separate residency in 
trauma; I concur in this opinion. If a residency 
is of the four-year type, it might be appro- 
priate to allow eight to twelve months’ credit 
during the residency toward eligibility for the 
examination, (assuming the resident has spent 
that much time in trauma) but no more than 
8 to 12 months. If he spent more time than 
this on the emergency service within his surgical 
residency program, one could aptly say the 
training in elective surgery might be inade- 
quate. Where, then, could the candidate get 
the rest of his training? This is perhaps the 
greatest problem and stumbling block in the 
creation of a program of certification in trauma. 
However, I am very optimistic about this prob- 
lem of developing mechanisms of obtaining 
training in trauma because I believe the solu- 
tion is now available to us in the innumerable 
emergency rooms in large hospitals throughout 
the country. However, I suspect that only a 
small portion of these are worthy at the present 
time of certification as a training program for 
young surgeons. Too often the head of the 
surgical service in the hospital is the head of 
the emergency service as well, but visits it 
only on rare occasions and then for only a few 
minutes. It seems logical, indeed, that the 
teaching program in many of these emergency 
units might be improved so that a young 
surgeon who has completed his formal training 
might be assigned to these emergency services 
and receive credit toward his examination for 
certification in trauma. In general, the prin- 
ciple involved in having it made acceptable 
would be closer supervision and a better teach- 
ing program. 

This young surgeon would be responsible to 
someone with authority such as the head of the 
department of surgery in the hospital, but 
could obtain a lot of training by accepting 
responsibilities in the emergency service and 
helping out in the teaching program. The 
head of the department of surgery and the 
trainee could write up numerous directives for 
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the care of the injured patient, and likewise 
could plan a teaching program for interns 
and/or students, as the case may be. Even 
though residents, interns and students are 
taking care of the bulk of the emergency cases, 
it would be necessary for the trainee to mdke 
frequent visits to the emergency room, on 
call or otherwise. On numerous occasions he 
might want to call on the head of the depart- 
ment or a surgeon of equivalent training for 
advice. At any rate, if the trainee is called in 
consultation frequently by the house staff, as 
he should be, he would see a great volume of 
cases and would learn very much indeed, even 
though he is taking an active part in the 
treatment only in the more complicated cases. 
He would operate in only the. complicated 
cases, and would turn over the less complicated 
ones to the residents and interns as indicated. 
Such a program would not jeopardize the 
training program and operating experience of 
the residents, although it would decrease the 
number of operations available for the attend- 
ing staff. Nevertheless, there would still be 
enough work for two or three additional attend- 
ing men to obtain part-time training in trauma, 
since no one person should be asked to assume 
responsibility for the emergency service more 
than two nights a week. 

Accordingly, I believe experience of the type 
just described might very readily qualify as 
being satisfactory training for fulfilling require- 
ments for certification. Some mechanism would 
have to be set up to assay or accredit the various 
emergency rooms throughout the country. 
Since mechanisms for accrediting residencies 
of various types have already been organized 
and apparently are working effectively, it 
would not appear very difficult to set up some 
type of accrediting agency for emergency 
rooms. I am sure this program of inspection 
and approval for the emergency rooms would 
present no problem. 

The accrediting body going over the training 
of respective candidates would have to decide 
how much credit to give these candidates for 
the work done in the training period. After all, 


practically all of the Boards are doing this 
very thing or did so in the early period of their 
existence; such a plan would be very similar 
to programs already in existence. The problem 
of deciding how much credit the trainee should 
get for a certain type of work would be most 
acute when candidates are applying for credit 
for clinical experience on a part-time basis. 
Although most Boards have ceased giving 
credit for part-time work, practically all of 
them have had experience in assaying work of 
a similar type. Accordingly, it would appear 
logical to allow credit for clinical experience 
in trauma within the surgeon’s practice at least 
in the early stages of an accreditation program. 

The question will obviously be raised as to 
whether or not the emergency services existing 
in industry today could qualify for credit in a 
training program. It is doubtful that many 
of these are being conducted with sufficient 
pedagogic philosophy to justify a classification 
as an approved program. However, with the 
proper persons supervising such an industrial 
energency service, it would be my opinion that 
this type of service might qualify, providing a 
proper teaching program were instituted. 
Again, these services should be subject to assay 
just as the residency program of a hospital is 
inspected for accreditation. 

In summary, may I emphasize the need for 
better training of surgeons in the field of 
trauma. I am recommending particularly that 
residents in the various specialties should have 
training in trauma within the other specialties. 
This training should be primarily diagnostic 
and not operative; the trainee need not per- 
form the emergency operation to learn the 
manifestations of an injured organ classified 
in a specialty other than his own. Any method 
of certification in trauma should not alter the 
boundaries between one specialty and another. 
Last, but perhaps of most importance, we must 
utilize the various large emergency rooms 
throughout the country more effectively in 
training within the field of trauma. 

WarreEN H. Co te, M.D., 
Chicago, Illinois 
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SCIENTIFIC PAPERS 


Psychologic Problems in the Surgery 
of ‘Trauma 


J. VERNON Luck, M.D., Los Angeles, California 


From the Orthopaedic Hospital, Los Angeles, California. 
E in the field of medicine find ourselves 
moving ever closer to a unitary concept 

of health and disease. The organic era is now 

giving way to a view of the patient, not 
only in the light of pure science but also 
against the backdrop of his environment and 
his personality structure. In some disease 
entities the psychologic factor has received 
more attention than in others. The importance 
of the psychologic factor in accidental injuries 
is of immense significance. It deserves far 
more recognition and demands far more 
attention than it presently receives. Dunbar 

[4] and Heinrich have shown that 80 to go per 

cent of all accidents have a relation to some- 

thing in the personality of the individual. 

This leaves only 10 to 20 per cent which could 

be called “completely accidental” accidents. 

These figures may impress the reader as being 

high but they have been arrived at after 

meticulous studies. Even if these figures were 
only half as large, it would still denote that 

the psychologic factor is of the greatest im- 

portance. In childhood, accidents cause far 

more deaths than illness. From the age of three 
to thirty-eight, accidents cause equally as 
many deaths as illness. 

We have come to the realization that the 
psychiatric aspect of our specialty can neither 
be ignored nor dealt with only by intuition. 
We have also come to the recognition that a 
syndrome cannot be diagnosed as functional 
merely by ruling out all known organic lesions. 
This is common practice but it disregards the 
fact that the psychosomatic entities have 
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characteristics of their own. In other words, a 
psychosomatic diagnosis must be based on 
what a patient has, and not alone on what he 
has not. 

The following three types of psychologic 
problems have been observed in patients with 
traumatogenic entities: (1) Psychogenic prob- 
lems in which no organic lesion can be identi- 
fied; in these cases the patients have been in 
accidents and present no evidence of organic 
injury but still have disabling symptoms. 
(2) Psychogenic problems secondary to or- 
ganic lesions; in these cases the patients are 
overwhelmed by their organic lesion, or the 
organic lesion has been a trigger mechanism 
precipitating emotional symptoms. (3) Psy- 
chogenic symptoms perpetuating symptoms 
similar to those of an organic lesion which has 
healed; this group is particularly prominent 
in industrial and military patient groups. All 
of these cases fall into the following groups: 
(a) conversion reactions which represent the 
hysteria of a temporary neurotic reaction or a 
psychoneurosis, (b) tension states which are 
associated with anxiety, (c) psychogenic elabo- 
rations or exaggerations of organic symptoms. 
Various combinations of these three types are 
more common than pure types. An earnest 
effort is made to determine how much of the 
problem is organic and how much is functional. 
No one claims that this is an easy or simple 
problem. 

Psychologic History. An abbreviated neuro- 
psychiatric history is obtained whenever there 
is an indication that a psychologic factor is 
important in the patient’s clinical picture [9, 10]. 
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This brief psychologic history can be taken 
by any physician in conjunction with the 
regular clinical history and in a high percentage 
of cases will give sufficient information for a 
helpful evaluation. Time does not permit the 
presentation of the details of this history. It is 
enough to emphasize that the inquiry extends 
into the patient’s background of reactions to 
family, school, occupation, friends, etc. More 
details are obtained regarding the physical 
complaints and the previous disorders which 
may have been psychogenic. The patient’s 
attitude toward his work and toward social 
customs is important. An evaluation of his 
general intelligence must be obtained. We 
have a standard procedure for history-taking 
which has given pertinent and useful informa- 
tion with a relatively small investment of time. 

It can be emphasized at this point that there 
is no substitute for spending adequate time 
to establish proper rapport with the patient. 
Important information related to psychologic 
factors seldom can be obtained in the hurried, 
impersonal environment of many offices, par- 
ticularly in industrial environments. 

When should we suspect a clinically sig- 
nificant psychologic factor? The presence of 
one or more of the following list of situations 
and findings 1 in a given case is a basis for sus- 
pecting the presence of a clinically significant 
psychologic factor: (1) A striking discrepancy 
between the subjective symptoms and the 
objective findings; (2) objective findings of 
circumferential hypalgesia, bizarre radiating 
pain patterns, bizarre postures and gaits, 
bizarre timing of pain, such as constant pain 
day and night unchanged by rest or activity; 
(3) too much or too little concern about the 
injuries; (4) unusual degrees of mental de- 
pression or discouragement; (5) confused and 
indefinite history and the repeated introduction 
of impertinent material, often associated with 
unwarranted dramatization; (6) failure to 
respond to organic treatment, including failure 
to obtain relief from pain even after heavy 
sedation. The more of these findings present 
in a patient, the more likely it is that a psy- 
chologic factor exists which requires further 
attention. 

Subjective Findings. It can be most en- 
lightening if the neurotic patient can be per- 
suaded to describe his symptoms meticulously. 
What is described as a pain at the outset 
proves, with more study, to be a pulling sensa- 
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tion or a vice-like sensation. The tension that 
is expressed may steadily grow and become a 
throbbing sensation. Pain may be described 
as a feeling of intense fatigue. No position of 
complete relief can be found and no relief is 
obtained from immobilization. However, it 
must be mentioned that some patients are 
considerably relieved by bed rest and are 
willing to spend many weeks in bed. These 
are patients who escape from portions of their 
anxiety or their responsibilities by bed rest, 
and perpetuate their state of regression as 
long as possible. Among the bizarre pain 
radiations are those pains which begin in the 
sacrococcygeal region and radiate up the spine 
and over the top of the head, even extending 
to the eyes. Pain radiating from a distal point 
proximally is frequently although not always 
psychogenic. 

Objective Findings. The physical examina- 
tion may reveal no positive findings or it may 
disclose many. The most frequently observed 
objective finding associated with psychologic 
disorders is circumferential (non-anatomic) 
hypalgesia; this will be observed in many 
instances by any traumatic surgeon if he 
makes a proper examination for these inter- 
esting sensory changes. The patterns are 
widely varied. Figure 1 presents a view of 
many patterns of circumferential hypalgesia [9]. 

Other objective findings include: hysterical 
paralysis, vasomotor instability; hyperhidrosis; 
hyperactive reflexes; camptocormia and other 
psychogenic postures; astasia-abasia (able to 
sit and move about in bed but unable to stand 
or walk); coarse intention tremor of an ex- 
tremity (anxiety symptoms such as appre- 
hension, frustration, bounding pulse and dilated 
pupils); and blindness, deafness, aphasia or 
aphonia. 

Again it must be emphasized that a clinical 
picture is not necessarily interpreted as being 
psychogenic merely because one or more of 
these findings are present. The diagnosis is 
made only after weighing the total picture. 
Although no part of the body is exempt from 
psychogenic symptoms, certain sites in the 
musculoskeletal system are particularly sus- 
ceptible to becoming foci in neurotic symp- 
toms. These sites are the sacrum and coccyx, 
the lower part of the back, the neck, the feet 
and the knees. The site of a healed fracture, 
particularly if associated with a skin scar, is a 
frequent focus of neurotic symptoms. Patients 
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with psychogenic symptoms may resist joint 
movement. In forward bending of the spine 
the motion may be limited 10 or 15 degrees, 
but with persuasion and a little assistance the 
patient will jerkily bend forward, performing a 
full range of movement. The knee may also 
be held rigid but will be flexed to a full range 
of movement if time is taken to persuade and 


Fic. 1. Patterns of circumferential (non-anatomic) hypalgesia. (From: Luck, J. V. Psychosomatic 
problems in military orthopedic surgery. J. Bone er Joint Surg., 28: 213-228, 1946.) 
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coax the patient to flex the joint. Multiple 
points of tenderness may be found, particularly 
in tension states. Protracted contraction of a 
muscle group may be associated with a tension 
state and will cause severe organic pain. 
Accident Proneness.. It has been mentioned 
previously that the majority of accidents are 
related to a personality disturbance. Dunbar 
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found that in 80 per cent of the fracture cases 
studied there was a disturbance in the per- 
sonality of the patient. These fracture patients 
possessed much guilt and resentment. In many 
of the industrial fracture cases the patients 
had a tendency to exaggerate their disabilities 
and to cling to secondary gains. Personality 
profiles of the fracture patients disclosed that 
as a group they had had trouble with authority 
throughout their lives. Many disclosed pent-up 
resentment and dissatisfaction which was 
manifested by general tension. In checking 
the life situation just prior to the accident, 
it was found that many had developed an 
acute dislike for their job assignment, their 
boss or their fellow-workers. A clear-cut 
tendency for accidents to happen occurred 
when their strong, aggressive hostility was 
aroused or the pressure from authority became 
too great (Dunbar [4]). There was a history of 
many more previous accidents than was true 
of the average patient. 

Many accidents are created by hostility of 
the workman, and much disability is per- 
petuated after injury by factors that accentuate 
this hostility. Compensation insurance com- 
panies are responsible for a portion of this 
hostility. The original concept of compensation 
was to pay the patient for his disability. The 
present objective of rehabilitating the patient 
to the utmost degree is still not pursued in 
many quarters. Industries have not par- 
ticipated adequately in the rehabilitation of 
the injured. The practice of not accepting the 
injured workman back at work until he can 
do a complete, hard day’s work has led to much 
emotional turmoil and perpetuation of disability. 

Rebabilitation Centers. Rehabilitation cen- 
ters must be encouraged and each must develop 
a department of prevocational evaluation for 
workmen who are prevented by disability 
from returning to their former occupations. 

Psychotherapy. The most essential begin- 
ning for an evaluation of the psychologic 
factor is a meticulous, painstaking study for 
organic lesions. Accurate and vigorous reas- 
surance of the patient regarding the presence 
or absence of an organic lesion is of the utmost 
importance in resolving many of the anxieties 
capable of producing disabling psychogenic 
symptoms. This is why the traumatic or 
orthopaedic surgeon is frequently in a better 
position to give the patient minor psycho- 
therapy than is the psychiatrist. 
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The need for establishing proper rapport 
with a patient goes without saying. When the 
patient with a psychologic problem is treated 
as a weakling or malingerer, little can be 
accomplished. 

Psychologic disorders uselessly dissipate 
the patient’s energy. In many instances so 
much energy is wasted that there is little left 
to carry on productive work. Frequently, this 
produces more tension, more anxiety and a 
further useless dissipation of energy. Often 
the correction of an environmental conflict 
will bring the patient back to a compensated 
emotional status. However, he can be cast 
deeper into his decompensated emotional state 
if his psychologic problem is ignored or other- 
wise mismanaged. 

Every person has a vulnerable link in the 
chain of his personality structure. During 
trying times, frequently of the type associated 
with severe injuries, the patient may break 
at his vulnerable site and be precipitated 
into psychogenic symptoms. The therapy 
must work toward identifying the weak link 
and repairing it. Frequently the focus of 
impairment in the personality structure is 
readily identified and can be repaired with 
rather brief and minor psychotherapy. Anal- 
gesics and tranquilizers have an important 
place, especially on a temporary basis. In 
many instances the tension state created by 
the psychologic problem creates true organic 
pain in the muscles that are kept in a protracted 
state of contraction. Muscle groups susceptible 
to producing pain on this basis include those 
in the back of the neck, the lower part of the 
back and the shoulder. Therapy must be 
directed toward relaxing the muscle con- 
traction. This can be done both by persuasion, 
the giving of insight, heat modalities, massage, 
etc. 

Operations may be necessary for the organic 
component but should be performed only 
after careful evaluation. Wechsler |16] re- 
minds us regarding unwarranted surgery: 
“Heroic operations do violence to patients 
and confirm their neuroses.” 

During the evaluation period following in- 
juries the patient must be observed for bad 
psychologic trends. Much reassurance is neces- 
sary, as well as the prevention of morbid pre- 
occupation. Keeping the patient occupied 
with interesting and useful pursuits is of great 
help, as was proved during World War u 
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The Importance of the History in 
the Diagnosis and Treatment of 
Accidental Injuries 


James H. Spencer, M.p., Newton, New Jersev 


From the Surgical Service, Newton Memorial Hospital, 
Newton, New Jersey; and St. Anthony’s Hospital, 
Warwick, New York. * 


HERE are many features of the injured 
patient’s record which may play an impor- 
tant role in the management of the injury. 
These include pre-existing disease and treat- 
ment, state of nutrition and hydration, acute 
or chronic alcoholism, mental state or capacity, 
etc. All these data should be considered in the 
estimate of the situation before anesthesia and 
definitive treatment are decided upon, and 
they should particularly influence the timing 
of the treatment. Interrogation as to previous 
inoculations with toxoids and serums as well 
as information regarding sensitivities to horse 
serum, antibiotics, etc., are becoming increas- 
ingly more important. Some of these data may 
seem academic in the face of grave injuries and 
there are times when the surgeon’s complete 
attention must be given to the mechanics of 
the initial treatment. However, it is surprising 
how an orderly collection of these facts can be 
carried out while one is putting on a splint, 
inserting an airway or applying a dressing. 
The opportunity to get valuable information 
from the patient, family, friends or bystanders 
may be missed if one waits until the patient 
goes to his bed or to the operating room. All 
possible information as to the condition of the 
patient before injury and the happenings at 
the time of the-accident and afterward should 
not only be obtained but also recorded. It is 
this matter with which this article is concerned. 
An operation is a series of injuries to the 
patient—planned injuries to be sure, but none- 
theless injuries. At the completion of the opera- 
tion the careful surgeon records in detail what 
he did and his impressions of the result of his 


efforts. If he or another surgeon has occasion 
to operate on the patient again in the near or 
distant future, he uses the recorded facts of 
the first operation in his estimate of the prob- 
able findings at the second procedure. If such 
information is valuable under the circum- 
stances, are not the facts concerning accidental 
injury even more valuable? Yet many doctors 
become so intent on the examination of the 
injured patient that they miss the considerable 
help which they might receive from an accurate 
story of the accident. We can learn a lesson 
from competent medical examiners, who are 
deeply concerned with the details of the in- 
jury that has resulted in death. 

The guilt of failure to obtain an accurate 
history of the accident may belong to the 
patient, the physician, the family or others. In 
some cases it must be shared. A conscious pa- 
tient of reasonable intelligence might be ex- 
pected to aid the physician in the diagnosis, 
but consciousness does not always imply 
reasonable intelligence. Furthermore, the pa- 
tient may deliberately try to mislead the 
physician for personal reasons. I am told by 
surgeons who deal with patients injured in 
underworld fights that it is often impossible 
to obtain any information from the victim. 
My rural practice does not lead me into asso- 
ciation with the victims of gang wars, but even — 
those following agrarian pursuits sometimes 
refuse to give information. 


A thirty-two year old farmer entered St. An- 
thony’s Hospital on the night of April 18, 1942. 
He complained of severe abdominal pain, most 
marked in the epigastrium, as well as nausea and 
vomiting. The admitting physician was not his 
regular doctor. His family doctor had died several 
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months previously. The patient gave a history of 
frequent gaseous eructations and epigastric distress 
which had previously been relieved by powders and 
diet. For the past few months, while not under a 
doctor’s care, he had had a recurrence of the gas 
and pain, particularly following dietary indiscre- 
tions. The only other feature in his past history 
was an attack of rheumatic arthritis two years 
previously. The patient stated that he smoked 
frequently and drank moderately. He set the onset 
of his abdominal pain at fourteen hours before 
admission to the hospital and said that he had 
taken bicarbonate of soda and milk without relief. 
The pain had been referred to the left supraclavicu- 
lar region at first, but this pain had disappeared. 
He had called a physician because the pain had 
persisted so long. On admission his temperature 
was 99.8°F., pulse 104 and blood pressure 110/70. 
The pulse was poor in quality. The head and neck 
showed no abnormalities except that the face was 
flushed. The lungs were clear and the heart showed 
no enlargement or arrhythmia, but there was a soft 
systolic murmur. The abdomen was extremely 
tender in the epigastrium and was rigid through- 
out. Urinalysis revealed nothing of significance. 
The hospital is a small rural institution which at 
that time did not have round-the-clock complete 
laboratory service; therefore a blood count was 
not taken. 

On the basis of the suggestive ulcer history and 
the physical findings, a diagnosis of perforated 
peptic ulcer was made. I was called to see the 
patient and concurred in the diagnosis. The patient 
was operated upon under spinal anesthesia through 
an upper right paramedian incision. The peritoneal 
cavity was found to contain a large quantity of 
blood. Much of this was removed and the stomach 
quickly explored. As the hand was passed over 
the cardiac end of the stomach, it encountered the 
spleen which was severely lacerated. The spleen 
was delivered into the wound and the pedicle 
clamped, cut and ligated. Further search revealed 
no other intraperitoneal damage. The wound was 
closed in layers without drainage. Postoperatively 
the patient was given appropriate transfusions 
when blood was obtained and he made a satisfac- 
tory recovery. 

In retrospect, the transient reference of pain to 
the left supraclavicular region suggests the correct 
diagnosis; and if a blood count had been available 
it might also have pointed to the internal hemor- 
rhage. However, the ulcer diet, the powders, the 
bicarbonate of soda and the milk added to the 
many episodes of epigastric pain and the rigid 
abdomen pointed even more definitely to per- 
forated ulcer. The one piece of evidence missing 
was what had happened earlier in the day. When 
we found the peritoneal cavity full of blood we 
suspected that the patient had concealed some 
information. The admitting physician, who was 


assisting at the operation, leaned over the con- 
scious patient and asked in a voice that could not 
be argued with, “Look here. You are holding 
something back. What happened today? This may 
be a matter of life or death.”” The patient responded 
promptly, telling us that his brother, in fighting 
with him that morning, had knocked him down 
and kicked him in the left side of the chest. He 
said that he did not tell the story for fear trouble 
might be caused for his brother. It was the fraternal 
loyalty and stubborn stupidity of the patient that 
had caused the error in diagnosis. We were sur- 
prised but: not chagrined by our error. 


The physician may miss the diagnosis by 
failing to inquire as to the mechanism of the 
accident. 


A twenty-four year old man was working on the 
night shift at a photochemical plant. He fell 
approximately 4 feet off a loading platform onto 
the ground. He was momentarily unconscious and 
then complained of pain in the left side of the 
chest. He was seen by a physician who treated him 
for contusions and sent him home. The physician 
obtained the history of the fall but missed an 
important detail. The man was carrying a 5 gallon 
carboy under his left arm, and in falling had struck 
with most of his weight on this. At approximately 
2:00 A.M., four hours after the accident, the patient 
began having upper abdominal pain which in- 
creased toward morning. Another physician was 
called and found the patient pale and weak; he 
had fainted when he had tried to sit up. He was 
admitted to the Newton Memorial Hospital by 
ambulance. 

On admission his temperature was 99.4°F., 
pulse 88 and of good quality, and blood pressure 
80/10. He was pale and appeared to be in shock, 
The head and neck showed no gross abnormalities. 
There was evidence of contusion in the anterior 
axillary line over the eighth to twelfth ribs on the 
left side, but no evidence of rib fracture. The lungs 
were clear and the heart normal. The abdomen 
was slightly distended with some signs of intra- 
peritoneal fluid. The entire upper abdomen was 
tender. There was a small right inguinal hernia. 
The extremities were normal. The red blood count 
was 4,200,000, hemoglobin 86 per cent, white 
blood count 17,600, and polymorphonuclear leuko- 
cytes 82 per cent. The urine was normal. The 
attending physician had made a diagnosis of con- 
tusion of the spleen or torn mesentery. I was asked 
to see the patient in consultation and made a 
diagnosis of ruptured spleen. One unit of plasma 
and 500 cc. of whole blood were given and the pa- 
tient was operated upon two hours after admission. 
Blood transfusion was continued during the opera- 
tion and afterward, a total of 1,500 cc. being given. 
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The abdomen was opened through a transverse 
incision above the umbilicus and the peritoneal 
cavity was found to contain a large amount of 
blood. There was a 244 inch laceration in the cap- 
sule of the spleen along the anterolateral border. 
This appeared to be shallow and was not bleeding 
when inspected. It did not bleed when the spleen 
was carefully palpated for other lacerations. The 
liver was uninjured and there were no injuries to 
the kidneys, stomach, pancreas or the small and 
large bowels and their mesenteries. The diaphragm 
was uninjured. As there had been no evidence of 
further splenic bleeding during the exploration 
and toilet of the peritoneum and the laceration was 
quite shallow, it was decided not to perform a 
splenectomy. Oxidized cellulose gauze was placed 
over the torn capsule and stayed in place between 
the spleen and the lateral thoracic cage. The ab- 
domen was closed in layers without drainage. On 
completion of the operation the patient’s pulse 
was 80 and the blood pressure 132/72. 
Postoperatively, left lower lobe pneumonia de- 
veloped which responded to oxygen and penicillin 
therapy. The patient was out of bed on the tenth 
postoperative day and left the hospital on the 
sixteenth postoperative day. Eight days later he 
had a brief attack of abdominal pain and weakness. 
He was observed carefully. He recovered promptly 
and there have been no episodes in the seven years 
since to suggest recurrent bleeding from the spleen. 


Failure to heed important statements in 
connection with an injury may lead to errors 
in diagnosis. These statements may be casual 
remarks or definite statements of opinion, but 
should always be regarded as worthy of notice. 


On January 13, 1955, I was asked to see a nine 
year old boy in the Emergency Room of the New- 
ton Memorial Hospital. His mother stated that 
four days before, while playing in their barn, the 
boy had run a Jong splinter into his right thigh. He 
had been treated by a physician who had painted 
the wound with merthiolate® and had given the 
boy an injection of penicillin and some tetanus 
antitoxin. She had told the doctor that she was 
certain she had not removed the entire splinter, 
but the doctor said he believed she had. He gave 
the boy some penicillin tablets to take at home 
and instructed the mother to apply hot epsom salt 
compresses. She brought the boy to the hospital 
because he complained of pain and she was still 
certain there was some splinter in the thigh. 

Examination revealed a small puncture wound 
on the anteromedial aspect of the thigh 5 inches 
proximal to the knée joint. Distal and medial to 
this wound was a tender, indurated area of approxi- 
mately 2 by 134 inches. Complete physical exami- 
nation revealed nothing else of interest and the 
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blood count showed no abnormalities except a 
slight elevation of lymphocytes. The urine was 
normal. The boy was admitted to the hospital and 
taken to the operating room. Under general anes- 
thesia the wound of entrance was excised and a 
linear incision carried distally and medially. A 
hemostat was inserted and opened to release frank 
pus. A splinter 2 by 44 inch was removed. Search 
for other splinters revealed none. A small rubber 
drain was placed in the wound and a dressing 
applied. The child was given another 1,500 units 
of tetanus antitoxin, and 300,000 units of penicillin 
were given every twelve hours. Hot magnesium 
salt compresses were applied four times daily. 
He left the hospital on the fourth day with prac- 
tically no drainage and required only one follow-up 
office visit. 


Just as failure to heed the statements of the 
patient or family may lead to errors in diagno- 
sis, careful attention to such statements may 
point the way to the correct diagnosis. This 
fact was pointed out last year before this 
Association by Dr. Everett Coleman [1]. He 
told of a self-diagnosis of spontaneous hemor- 
rhage into the rectus sheath made by an 
observant nurse anesthetist in the middle of 
the night. She had noted that her sudden 
abdominal pain preceded by an attack of 
coughing was similar to that of four patients 
whom she had anesthetized for operations for 
this condition. Her diagnosis was proved cor- 
rect at operation. 


On September 9, 1938, a sixty-four year old 
woman was admitted to the Franklin Hospital, 
Franklin, New Jersey. She had sustained multiple 
injuries in an automobile accident. These included 
severe laceration of the right cheek involving the 
masseter muscle, lacerations of the lower lip and 
the mucosal surface of the upper lip, comminuted 
fracture of the left half of the mandible, depressed 
fracture of the left zygoma, fracture of the nasal 
bone, and severe multiple contusions and abrasions 
of the thorax and all four extremities. The multiple 
fractures and other injuries were dealt with by 
appropriate methods, the assistance of a dentist 
being used in dealing with the mandible. An inter- 
esting complication of the injury is the important 
point in this discussion. The day following the 
accident the patient’s husband, who had been in 
the automobile with her, stated to the attending 
physician that he had found her broken upper 
denture but that a triangular piece was missing 
from the central portion. With this information 
at hand an x-ray of the abdomen was ordered and 
the missing partial plate was observed in the upper 
abdomen. Another film taken two days later 
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showed the foreign body to be in the region of the 
terminal ileum. I saw this patient in consultation, 
and due to the severity of the facial injuries it was 
decided to do nothing about the foreign body in 
the bowel until her condition had improved. How- 
ever, by the fourteenth day after admission she 
was showing symptoms typical of acute appendi- 
citis. Under general anesthesia the abdomen was 
opened through a right rectus incision and the 
missing piece of dental plate was found lying 
transversely in the lumen of the terminal ileum, 
with one of the sharp corners nearly perforating 
the serosa. The foreign body was removed through 
a short longitudinal incision in the ileum and this 
was closed transversely. The. patient was dis- 
charged on the thirty-first day following admission, 
at which time all the wounds and fractures were 
healing satisfactorily. 


In this case failure to heed the statement 
of the husband regarding the missing denture 
might very well have allowed perforation of 
the bowel to occur, for there was no other indi- 
cation for x-ray examination of the abdomen. 


COMMENT 


Important as the physical examination of 
the injured patient is, and although it may be 
done with great thoroughness, it may not pro- 
vide all the information required for correct 
diagnosis and logical treatment. All available 
data regarding the health of the patient pre- 
vious to the injury, previous drug or other 
therapy, records of previous injuries and the 
conditions surrounding the current injury may 
prove invaluable in the care of the injured 
patient. The conscious patient is usually the 
best source of such information, provided he 
is not rendered irresponsible by pain, shock 
or other factors. If he is unable to give the 
history, family, friends or other witnesses may 
provide the knowledge necessary for intelligent 
care. Previous attending physicians should 
be contacted if they can be reached promptly. 
Information from any of these sources is 
worthy of regard, particularly information 
regarding the mechanism of the accident. I 
have on a number of occasions been aided in 
the care of serious injuries by the complete and 
prompt reports of a safety engineer for a 
mining company. I have on at least one occa- 
sion made a serious error in diagnosis of one 
of these injuries by not heeding the details of 
the safety engineer’s report. 

The momentum of flying objects is of great 
importance. The mass of the object may be 
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small; but if the velocity is great, the blow may 
be lethal. I have seen a fatal rupture of the 
liver from a softball bat that flew out of the 
batter’s grasp and struck a spectator. By- 
standers had considered it a minor injury at 
first. The velocity of the object may not be 
great; but if the mass is sufficient, the damage 
produced may be tremendous. I have seen 
almost the entire transverse colon torn from 
the mesocolon by a glancing blow from a timber 
that fell only a short distance; however, it was 
a heavy timber used for shoring in a mine and 
it fell end on. 


CONCLUSIONS 


The rational approach to the proper care 
of an injured person includes: 

1. A prompt survey of the situation to deter- 
mine the necessity for emergency measures. 

2. The obtaining of the story of the accident, 
including just what occurred and at what time. 

3. A knowledge of the health and condition 
of the patient before injury, and of any treat- 
ment that he might have received recently. 

4. A knowledge of existing immunities and 
sensitivities. 

5. A comprehensive examination of the 
entire patient, with avoidance of the error of 
too much concentration on the obvious injuries 
and on the systems of the body of most interest 
to the examiner. This examination may require 
the assistance of other physicians. 

6. An accurate, written record of all the 
foregoing information made when the details 
are fresh in the mind of the attendant. 

Armed with this information, the attendant 
will be able to render maximum aid to the 
injured patient, provided he possesses the 
requisite judgment and skill.’ 
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DISCUSSION 


W. A. GrossEAN (Winfield, Kan.): In regard to 
Dr. Spencer’s paper, I was an intern at City 
Hospital in Kansas City during the Pendergast 
regime, and it fell to our lot to take care of the 
North End hoodlums who came in for treatment. 
Early in my experience one of these hoodlums 
came in, cut up a bit. As I was getting ready to 
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treat him, I asked what had happened. He an- 
swered that it was none of my business, “Just 
sew me up.” 

I went along with that philosophy for a while 
and finally had to learn the hard way that it was 
some of my business. I learned that it is just as 
important to get the history in cases involving 
trauma as it is in those cases without trauma. I 
think it is particularly important in cases in which 
there may be splenic injury, as was brought out 
in the paper by Dr. Spencer. 

It brings to mind the case of a soldier during 
wartime who was brought into our hospital one 
evening with only the history that he was standing 
on a corner, had a pain in his abdomen and had 
fainted. By the time he got to the hospital he had 
regained consciousness but we were unable to 
obtain any history of violence. After considerable 
delay we finally decided to operate because he 
was having considerable abdominal pain. 

We found that he had a ruptured spleen: and 
after we had removed the spleen, he happened to 


remember that he had had a fight approximately 
nine days previously. The history was there but 
we had failed to obtain it. 

I believe a paper of the type given by Dr. 
Spencer might be called a “booster” paper. We 
are all aware of the importance of the history in 
these cases. We have been immunized, so to speak, 
but our antibodies tend to fall as time goes on, 
so a booster paper like this stimulates a recall of 
our antibodies. 

James H. Spencer (closing): I would just 
like to thank Dr. Grosjean for bringing out a 
point that I had not made in the paper as | read it. 
In the manuscript I had made reference to some of 
my friends who deal with underworld fights, and 
their experience has been the same as Dr. Gros- 
jean’s, i.e., the patient prefers to “play it dumb.” 

It is rather surprising that farmers do the same 
thing, but the man whom I mentioned in my paper 
refused to cooperate for the same reason. They are 
either afraid of retaliation or they do not want to 
get some friend into trouble. 
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Recent Advances in Therapy in 
Maxillofacial Bony Injuries in 


Over 1,000 Cases 


RicHarp H. WALDEN, M.D., D.D.s. AND BERTRAM E. BROMBERG, M.D., D.D.S., Hempstead, 
New York 


<n study, based on a five-year review 
encompassing the years 1950 through 1954, 
includes all patients with maxillofacial bony 
injuries treated at the Kings County Hospital, 
Brooklyn, New York; the Meadowbrook Hos- 
pital, East Meadow, Long Island, New York; 
and the private practice of the authors.* 

The total number of patients treated during 
this period was 1,305, of which 295 were injured 
and cared for in Long Island and the remainder 
in Brooklyn. (Table 1.) 

Included in the over-all designation of 
maxillofacial fractures are the following sites 
of injury: (1) nasal bone, (2) zygomatic arch, 
(3) malar compound, (4) maxilla, and (5) man- 
dible. It is obvious that these groups do not 
within themselves all constitute isolated bones. 
The zygomatic arch, for example, is formed by 
the zygomatic or malar bone and its temporal 
process and the zygoma of the temporal bone. 
If these localized arch fractures are now ex- 
cluded along with the nasal and mandibular 
fractures, two classifications are left, i.e., frac- 
ture of the maxilla and fracture of the malar 
compound. The latter is designated so as to 
include the maxillary buttress, the lateral orbit 


TABLE I 
TOTAL NUMBER OF CASES 


Brooklyn: Kings County Hospital.........| 1,010 


*In the cases reported herein taken from private 
practice, the patients were treated by the Long Island 
Plastic Surgical Group consisting of Dr. Leonard Rubin 
and Dr. Eugene Gottlieb, as well as the authors. 
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and the zygomatic malar complex, and will be 
referred to hereafter as the malar compound. 

In this review 544 patients had nasal bone 
fractures, sixty-three patients had _ isolated 
zygomatic arch fractures, forty-six patients 
had malar compound fractures only, twenty- 
two patients had isolated maxillary fractures, 
and 495 patients had mandibular fractures. 
There were multiple facial fractures in 135 
cases. (Table 11.) 

The overwhelming majority of nasal bone 
fractures noted in both the Long Island and 
Brooklyn groups is readily explained on the 
basis of the prominent position of the nose in 
relation to the face and cranium. Not only is 
it the structure most often subjected to all 
forms of trauma, but also it is overlooked 
either knowingly or unknowingly in the over-all 
treatment of a patient with multiple associated 
injuries. 

It is significant that of the total group of 
cases in the Brooklyn series, fracture of the 
mandible occurred in 46 per cent, whereas in 
the Long Island group these fractures occurred 
in only 10 per cent. This can be explained by 
the fact that in the Kings County Hospital in 
Brooklyn all mandibular fractures were treated 


TABLE 1 
TYPES OF CASES 
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under the jurisdiction of the Plastic and 
Maxillofacial Service, while in Long Island 
the simple closed reductions were treated by 
the dentists, leaving only the more complex 
operative cases to the care of the authors. 

The injuries in 608 cases were caused by 


TABLE Ul 
CAUSES OF INJURY 

Automobile accidents.................... 4C4 

TABLE Iv 

TYPE OF ANESTHESIA ADMINISTERED 


blows of all types, whereas in 276 cases the 
injuries were the result of falls. Automobile 
accidents accounted for 404 cases. Of the less 
frequent causative factors, train accidents were 
responsible for injury in five cases; gunshot 
wounds were the cause of injury in two cases, 
and stab wounds in one case. In nine instances 
the cause of injury was unknown. (Table 111.) 
Of interest and significance is the fact that 
57 per cent of the injuries in the Long Island 
group were caused by automobile accidents, 
as opposed to 22 per cent in the Brooklyn 
cases. On the other hand, 53 per cent of the 
injuries in the Brooklyn series were caused 
by blows, as against 23 per cent in the Long 
Island group. These figures reflect the pre- 
ponderance of high speed highway accidents 
in Long Island in contrast to the abundance of 
altercations and their sequelae in Brooklyn. 
This is further borne out by the greater per- 
centage of full face fractures seen in the Long 


Island group. 


In regard to anesthesia, general anesthesia 
was employed in 283 cases, whereas local 
anesthesia was administered in 885 cases. One 
hundred thirty-seven patients received no 


anesthesia whatsoever; however, included in 
this group are a number of cases in which 
treatment was unnecessary. (Table tv.) 

Four hundred fifty patients with nasal frac- 
ture were treated by closed reduction, while 
ninety-four patients received no treatment. 


TABLE v 
TREATMENT 


Nasal Fracture 


450 


Facial Fracture (761)* 


Closed 456 


* The figure 761 represents the number of patients; 
the total 854 represents procedures. 


In the remaining 761 cases of facial fracture 
361 patients were treated by open reduction 
and 456 by closed reduction. Thirty-seven 
patients received no treatment for their bony 
injury. (Table v.) 

It is significant that 76 per cent of the more 
complex Long Island cases were treated by 
open reduction, as opposed to 40 per cent in 
the Brooklyn group. 

Open reductions consisted of direct bone 
wirings, transantral approaches, Gillies’ tem- 
poral approach to the zygomatic arch, and 
cable wire suspensions of the maxilla from 
various areas of the skull. 

Of the complications recorded, there were 
thirty-two bony deformities, and these were 
severe enough to alter the appearance of the 
patient markedly. Severe malocclusions were 
included. There were eight cases of postopera- 
tive infection, and one severe postoperative 
hemorrhage. Severe eye complications were 
noted in four cases; and although rhinorrhea 
was recorded only twice, it appeared that this 
complication actually occurred far more fre- 
quently. In addition, there was one case of 
facial nerve paralysis, one case of oroantral 
fistula, one case of temporomandibular joint 
syndrome and one pulmonary complication 
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in the form of severe atelectasis. Four deaths 
were recorded. (Table v1.) 

Of further interest is the fact that 59 per cent 
of the patients were treated on the first day, 
24 per cent between the second and fifth days, 
and 17 per cent after the fifth day. (Table viz.) 


TABLE VI 
COMPLICATIONS 

Temporomandibular joint syndrome............. I 

TABLE VII 

TIME OF TREATMENT 
No. of Cases 


In separating the Brooklyn from the Long 
Island cases, it is important to note that 88 per 
cent of the patients from Long Island received 
care on the first day and within hours whenever 
possible. 

Although we have attempted to summarize 
statistically the 1,305 cases covered by this 
series, it is not the purpose of this study to 
dwell on all aspects of the treatment of facial 
fractures. What of significance has been 
gathered from this experience and what are 
the fundamental principles that can be applied? 

Certainly simple fracture of the mandible or 
nasal bones, with or without displacement, 
does not present a major problem in emergency 
care, diagnosis or treatment. On the other hand, 
severe injury to the face with multiple fractures 
and soft tissue injury, associated with other 
major trauma, presents a far more complex 
problem. One must quickly evaluate the status 
of the airway and the presence of severe 
hemorrhage. Although shock is not usually 
present in the severe localized facial injury, its 
presence is frequent when there are associated 
injuries to the abdomen and _ extremities. 
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Tracheostomy is almost invariably indicated 
in the severe injury, if not for the restoration 
of the airway then certainly for the route of 
anesthesia. 

The full significance of the complex bony 
facial disaster is often concealed or de-empha- 
sized in the early phases of treatment because 
of severe concomitant injuries in other areas, 
particularly the cranium, and it is only after 
the threat of death subsides that the treatment 
is shifted to the face in a belated effort to 
prevent severe dysfunction and deformity. One 
would not dispute the rationale of saving the 
patient’s life; however, once stability has been 
attained, reduction and immobilization of the 
facial skeleton must be secured. Frequently, in 
cases of severe rhinorrhea it is only after reduc- 
tion and immobilization of the facial fracture 
have been accomplished that this condition is 
successfully combated. 

One must realize that because in certain 
areas the facial skeleton will heal with great 
rapidity after comminution into small frag- 
ments, it is often impossible to reduce the frac- 
tures satisfactorily after seven to ten days. 

It is essential to understand that bony facial 
injuries require immobilization after reduction, 
and that the anatomy and the displacements of 
the bone offer many problems in the attainment 
of this goal. How does one immobilize a freely 
floating maxilla, particularly in the edentulous 
patient, or in a case in which the teeth have 
been traumatically avulsed? Just what can be 
done when severe comminution or actual bone 
loss make direct bone wiring impossible? These 
are the challenges. 

Undoubtedly, x-rays have a place in the 
diagnosis of facial fractures; however, this 
phase should not be overemphasized. Despite 
the severe facial swelling which often hampers 
physical examination, certain deformities are 
self-evident. Malocclusions, moveable frag- 
ments and bony irregularities are all available 
to the careful eye and palpating finger. Infra- 
orbital irregularities and infraorbital anes- 
thesia are often easily detected. The palpating 
finger should always encompass the upper 
and lower sulci as well as the palatal surface 
and the lingual surface of the mandible. Diffi- 


‘culty in opening and closing the mouth may 


merely indicate trismus; however, a fracture of 
the zygomatic arch may be the offending ob- 
stacle. On the other hand, a locked bite can be 
caused by fracture-dislocation of the condyle 
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of the mandible. A widening of the canthi, asso- 
ciated with a leak of cerebrospinal fluid and 
fractured nasal bones, is most indicative of 
splayed ethmoids. The status of the intraoral 
and intranasal mucosa should always be deter- 
mined, as well as the presence or absence of 
intraoral or intranasal hematomas. 

Although the common occipitomental views 
are usually adequate, arch fractures are often 
identified only by submental vertex views 
which balloon out the arches on both sides. 
(Fig. 1.) Skull films are always requested to 
confirm the presence or absence of cranial 
fractures. Furthermore, if teeth have been 
traumatically avulsed and there is a possibility 
of aspiration, the value of a chest x-ray is 
obvious. 

The emergency care of the isolated facial 
bone fracture is minimal other than the main- 
tenance of stability of the fragments until the 
place of definitive care is reached. The complex 
injury presents the immediate problems of 
obstructed airway, shock and hemorrhage. 
The face-down position with the tongue drawn 
forward and the insertion of a nasopharyngeal 
tube will permit transportation without danger 
in most cases. Tracheostomy, if not for the 
purpose of a clear airway, is still a tremendous 
advance in the administration of anesthesia 
and in the immediate postoperative period 
when intermaxillary fixation is so frequently 
required. 

In a previous publication one of us (R. H. W. ) 
has emphasized the basic engineering principle 
of building on a solid foundation [2]. All frac- 
ture therapy depends on reduction and im- 
mobilization. Immobilization, however, cannot 
be accomplished unless there is some basis for 
support. 

For support in the face, we use the nearest 
solid bony structure lying cephalad to the frac- 
ture site. The maxilla is employed as the means 
of sustaining fractured mandibular fragments, 
whereas in maxillary fracture the malar bone 
is utilized for support. When the malar bones 
are fractured in conjunction with caudad facial 
fractures, we suspend the fracture from the 
skull itself. 

Where a reasonable number of teeth exist, 
the reduction of isolated maxillary or mandibu- 
lar fractures is not a difficult problem and 
should be treated conservatively. Mandibular 
angle fractures, which once presented a difficult 
problem of reduction and immobilization, are 
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Fic. 1. Submental vertex views showing fracture of 
zygomatic arch. 


now wired directly under vision prior to dental 
wiring of the teeth. An edentulous mandible 
is readily treated by direct bone wiring of the 
mandible and then circumferential wiring to 
the lower jaw, the patient’s lower plate or a 
splint made of a quick-setting acrylic. Inter- 
maxillary fixation is gained by dental wiring 
to the upper teeth. If the upper jaw is edentu- 
lous, the upper dental plate or a splint made of 
quick-setting acrylic is suspended by cable 
wires from the infraorbital ridge or lateral 
orbital rim. Intermaxillary immobilization is 
then readily permitted. 

In practically all instances, fractures of the 
mandibular condyle have been handled con- 
servatively. Despite fracture-dislocations, if 
the patient is able to open and close his mouth, 
our approach is one of intermaxillary dental 
wiring into normal centric occlusion. Open 
reductions have been resorted to only when a 
fracture-dislocation locks the bite, and in these 
cases direct bone wiring has been performed 
with its associated technical difficulties. 

In most instances the nasal bones can be 
reduced manually and immobilization obtained 
by plaster or other type of splinting. It is 
essential to determine the status of the septum 
and to restore this structure to the midline 
when it has been displaced. In severely com- 
minuted nasal fractures where the ethmoids 
are fragmented, it is often necessary to remold 
the entire area in an attempt to build out the 
nasal dorsum and: overcome the unsightly 
widening. Fixation in the form of deep wire 
sutures passed behind the comminuted portions 
and tied over lead plates is essential. Early 
reduction and fixation of these fractures is 
paramount if deformity is to be overcome. 
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Fic. 2. Balloon of Foley catheter filled with lipiodol 
shown in the antrum, maintaining malar compound 
fracture. 


Displaced zygomatic arch fractures have 
been treated by the Gillies temporal approach 
above the hairline with uniform good success. 
Occasionally the fracture is too anterior to be 
reduced, and it is necessary to resort to an 
intraoral approach either by a closed method 
or transantrally. Actually, in these instances 
we are dealing with a posterior malar com- 
pound fracture. In some instances, too forceful 
reduction has resulted in a reversal of the 
concavity of the arch fracture into an abnormal 
convexity, merely replacing one cheek deform- 
ity for another. 

Displaced malar compound fractures often 
entail problems in reduction and immobiliza- 
tion. On occasion one is able to effect closed 
reduction intraorally by the use of an instru- 
ment placed posteriorly, applying the force 
upon the maxillary buttress. More uniform 
success is secured by opening into the antrum 
and manually replacing the fragment. It is 
often necessary to direct bone wire across the 
frontozygomatic suture line to maintain the 
proper position and establish the lateral orbital 
wall, and also to prevent overcorrection when 
the antrum is packed at the conclusion of the 
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Fic. 3. Typical complex soft tissue and bony facial 
injury. 


procedure. In addition, it is often necessary to 
direct bone wire across the medial infraorbital 
margin into the nasal process of the maxilla 
in order to restore regularity to the infraorbital 
margin and to obtain support for the orbit. 
Often the anterior wall of the antrum and the 
entire infraorbital floor is pulverized and it is 
impossible to restore infraorbital bony support. 
In these cases it is necessary to depend on the 
antral packing to support the orbit. Here, later 
reconstructive efforts are necessary to rebuild 
the infraorbital support and restore eyelevel. 
Gauze packing impregnated with balsam of 
Peru or antibiotics has been utilized in the 
antrum, being led out either intranasally or 
intraorally. Foley catheters have been used in 
a few instances, the balloon being blown up © 
in the antrum by lipiodol® to obtam support 
and immobilization (Fig. 2) and for easy 
x-ray visualization. 

The treatment of the isolated facial bone 
fracture resulting from a blow or fall is in most 
cases a relatively uncomplicated problem. It is 
the full face fracture, particularly the so-called 
“middle third” fracture, which requires all 
the effort, time and skill that one can muster in 
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order to avoid ultimate dysfunction and de- 
formity. This complex injury, ever more fre- 
quent as a result of the high speed automobile 
accident, constituted approximately 10 per cent 
of the Long Island cases. (Fig. 3.) 

In most instances the fragments must be 
disimpacted prior to reduction and immobiliza- 
tion. This often requires great force; and after 
it is accomplished, the resulting fragments are 
found to be floating freely. If teeth are present, 
we next apply properly shaped labial arch 
bars on both the upper and lower jaws. The 
application of these arch bars is modified 
according to existing fractures of the mandible 
or maxilla, and it is often necessary to align a 
fractured mandible, maintain it by direct bone 
wiring and then apply the arch bar. Subse- 
quently, mobile fragments are aligned and 
direct bone wiring performed when necessary. 
These realigned and wired fragments are then 
suspended for support by direct cable wires 
from the next higher solid bony structure. If 
the maxilla is floating, the jaws are wired 
together in occlusion prior to suspension at the 
proper middle third vertical facial dimension. 
(Fig. 4.) This wiring of the jaws is permissible 
only when a tracheostomy exists; otherwise 
elastic bands are utilized for several days until 
the danger of an obstructed airway is relieved. 
This is especially significant when there is an 
associated “‘stove-in” injury to the nasal 
structure and the nostrils have been solidly 
packed in the reduction. If patients are edentu- 
lous, the normal intermaxillary relationship is 
maintained by making immediate dental splints 
of quick-setting plastic. The lower splint is 
wired in a circumferential fashion to the 
mandible, and the upper splint is suspended. 
by cable wires from either the infraorbital 
ridge or the lateral orbital rim, whichever is 
available. 

The use of plaster headcaps as the basis of 
superior support is very unreliable. In addition, 
they are cumbersome and dirty. Direct wiring 
technics have eliminated the need for external 
splinting devices. The bony reductions are 
more accurate, patients are able to shave, and 
the danger of striking these cumbersome 
gadgets with its resulting calamity is avoided. 
In addition, one is not confronted with the 
pressing problem of infection from pins. 

The postoperative care of these patients is 
often taxing in the early phases. The danger of 
pulmonary complications is vastly reduced 


Fic. 4. Complex “middle third” fracture showing 
direct bone wirings at the lateral orbital and infraorbital 
margins. In addition, upper and lower labial arch bars 
are wired in place and the upper arch is suspended from 
the lateral orbital rims. Complete immobilization is 
obtained by intermaxillary wiring of the upper and 
lower arch bars. 


when tracheostomy has been performed. The 
tube is quickly removed, however, as soon as 
there is sufficient evidence that the patient 
can exchange without difficulty. Immaculate 
oral hygiene is essential, and a semi-solid diet is 
instituted as soon as possible. There is no 
reason why these patients cannot maintain a 
2,500 calorie diet including vitamins and 
supplementary protein mixes. 

Fixation in the uncomplicated nasal fracture 
lasts ten days, whereas fourteen days’ im- 
mobilization is required if through and through 
wiring has been employed. Intermaxillary 
wires are removed in six weeks and the frag- 
ments tested clinically. In most instances the 
bones are readily united at this time. Antral 
packings are removed in stages over a period of 
several days, usually beginning approximately 
ten days postoperatively. 

In regard to the complications noted earlier, 
it is perhaps worthwhile to dwell briefly on some 
of the more significant points. Today it is 
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generally accepted that early reduction and 
immobilization of fractured facial structures is 
most essential in the control of cerebrospinal 
fluid loss and in the prevention of the complica- 
tions of aerocele and meningitis. In these cases 
packing is not utilized and full drainage is 
encouraged, while the patient is maintained 
in semi-Fowler’s position and protected by 
antibiotics. 

Severe eye complications have been treated 
by the ophthalmologist. Transient diplopia is 
extremely common and rarely persists. Usually 
blindness is either the result of a spicule pene- 
trating the optic nerve in the region of the 
foramen or, more often, the result of hemor- 
rhage within the nerve or sheath. 

The problem of infection is minimal when 
early reduction and immobilization are fol- 
lowed. The occasional antral infection is readily 
controlled by adequate drainage intranasally. 

The relationship between the time of treat- 
ment and complications was vividly demon- 
strated in the cases of mandibular fracture 
treated at the Kings County Hospital. The 
incidence of bone and soft tissue infection 
markedly increased in the cases in which there 
was a delay of over five days from the time of 
injury to the time of treatment and immobiliza- 
tion. Postoperative infection was practically 
absent in the Long Island group, in which 
88 per cent of the cases were treated and im- 
mobilized within twenty-four hours. 

It is beyond the scope of this review to deal 
adequately with the multitude of problems 
imposed by the reconstructions in many of 
these mangled patients. Rather, it is of more 
value to discuss the planning to be considered 
prior to undertaking treatment. 

It is essential to delay definitive secondary 
repair until an adequate period of time has 
elapsed. This period usually ranges between six 
months and one year. However, many services 
should be performed during this interval: The 
massage of soft tissues, the maintenance by 
splinting devices of mandibular shifts, the use 
of splinting devices in cases of facial paralysis, 
and the need for tarsorrhaphies for corneal 
protection are but some of the problems which 
must be solved during the interval between 
recovery and secondary repair. 

As in all work on reconstruction of bone, the 
status of the overlying soft tissues must be 
seriously evaluated. The success of all ultimate 
implants, whether autogenous, homogenous 


or synthetic, hinges upon the overlying skin 
and subcutaneous tissue. Autogenous cancel- 
lous bone, autogenous and homogenous carti- 
lages, polyethylene and dermal fat have all been 
employed in restoring contour. These proce- 
dures are carefully planned and in most in- 
stance the implants are fixed. Mobility and 
inaccurate contouring of the implant, along 
with poor skin coverage and residual inflamma- 
tory reaction in the host site, are the most 
significant causes of failure. 

The full significance of these problems can 
be appreciated only in the problem of mandibu- 
lar bone grafting. There is little question that 
the cancellous bone furnished by the ilium is 
the best source of bone in repairing mandibular 
defects. However, the use of cancellous bone 
only serves to emphasize the need for adequate 
immobilization. Most plastic surgeons, al- 
though acknowledging this fact, are happy to 
relegate this phase of the problem to the dentist. 
Of course this problem is not particularly com- 
plex where there is a sufficient complement of 
teeth remaining in the mandibular fragment 
and also in the maxilla. However, the edentu- 
lous mandible presents difficulties when 1m- 
mobilization is necessary. This problem has 
never been significantly pointed out in the 
literature, and most articles merely note that 
many mechanical appliances can be utilized 
in the process of immobilization. 

In these cases it is essential to evaluate the 
patient thoroughly before undertaking recon- 
struction. This should include complete intra- 
oral examination, noting the amount of 
available lining, the extent of mucosal scarring, 
the position and mobility of the residual frag- 


ments, and the degree to which the patient 


can open and close his mouth. Essential in the 
planning are x-rays in all views as well as 
intraoral impressions, the models of which 
have been articulated. With these available 
for study, one can then determine whether 
the external and internal linings are sufficient 
in amount and free enough from scar to permit 
surgery without resorting to prior tissue trans- 
ferral from a distance. The degree of distortion 
of the residual fragments must be evaluated in 
the light of whether they can or cannot be 
sufficiently liberated by the dissection to per- 
mit them to take a more normal alignment. 
If they cannot be liberated by dissection, one 
may have to resort to some traction device at a 
primary operation before accomplishing the 
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bone replacement. This phase can be most 
readily performed simultaneously at the time 
of soft tissue transferral. The length of the gap 
to be grafted should be estimated along with 
the degree of curvature required as well as the 
thickness and height of the bony restoration 
to be developed. Also of significance is the 
vertical dimension that is to be established. 
This must be accomplished, keeping in mind 
the space required for the use of the immobiliza- 
tion plates and for the subsequent insertion of 
the upper and lower permanent dentures. 
Examination of the x-rays is helpful in evaluat- 
ing the status of the residual bone and gaining 
further knowledge of the size and shape of 
the defect to be spanned, along with the degree 
of distortion of the residual fragments. 

In détermining the preferred type of anes- 
thesia several factors should be considered. 
Although a combination of spinal and local 
anesthesia can be utilized, bear in mind that 
the procedure involves considerable pain which 
is especially difficult to overcome when the 
upper fragment is being manipulated. Although 
local anesthesia alleviates many of the airway 
problems both during and after surgery, it is 
not suitable in most instances. A tracheostomy, 
performed under local anesthesia a few days 
before the definitive procedure, is advisable. 
At this same time the previously developed 
upper acrylic plate is wired into position. It 
might be noted here that since many of these 
patients have undergone previous tracheos- 
tomies, it is not always a simple problem to 
dissect and identify the scarred trachea. It is 
not always essential to perform the tracheos- 
tomy prior to the definitive surgery. However, 
in these cases it is imperative that the upper 
and lower jaws are not immobilized imme- 
diately postoperatively after insertion of the 
bone graft. 

The technic we have employed is similar to 
the methods described heretofore, and again 
merely utilizes the principles so fundamental 
in the treatment of facial fractures: (1) the use 
of solid wiring technics, and (2) the importance 
of always immobilizmg the next most solid 
cephalad structure. 

The method requires the use of previously 
constructed upper and lower dental plates 
made of acrylic. The upper and lower plates 
are made from available models, the operator 
having determined beforehand what the status 
of the lower jaw should resemble after insertion 


Fic. 5. Mandibular bone graft wired in place in an 
edentulous patient. In addition, the upper acrylic 
splint is wired to the lateral orbital rims while the lower 
splint is maintained by circumferential wiring. Com- 
plete immobilization is obtained by wiring the upper 
and lower splints together. 


of the graft. This lower plate is made to fit 
accurately over the residual edentulous frag- 
ment and is made greater in all dimensions in 
the area in which it will overlie the graft. The 
upper plate is constructed with hooks on the 
buccal surface to allow it to be wired to similar 
hooks on the lower plate. At the same time that 
the tracheostomy is opened, the upper plate is 
wired firmly into place by drilling holes in the 
infraorbital margin and passing wires through 
into the mouth, through the buccal sulcus on 
each side. These wires are then tightened to 
obtain firm immobilization, the tightening 
being done intraorally. (Fig. 5.) 

Many problems are encountered in placing a 
cancellous graft. The homolateral ilium is 
utilized in order to take advantage of the 
naturally occurring curve, and the external 
cortical plate is removed along with the can- 
cellous portions. Mortised joints are attempted 
when possible, although simple onlays have 
been used frequently. One strives for maximum 


. bleeding surfaces in the residual fragments, and 


the residual proximal fragment is never sacri- 
ficed regardless of how sclerotic, insignificant 
or rotated it may be. There are many methods 
for re-establishing the curves of the lower jaw. 
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This is done by fracture of the graft in sig- 
nificant places, along with excisions of V-shaped 
segments where necessary and wiring of the 
fragments with fine stainless steel wire. If 
the graft is of any length whatsoever and the 
mandibular curve is to be reproduced, the 
necessity of at least one cortical layer is ob- 
vious. Stainless steel wire is used to lock the 
graft at both ends. The previously prepared 
lower plate is now circumferentially wired 
only on the edentulous, non-grafted side. At 
this point, we formerly took an accurate im- 
pression with the lower plate tray so that we 
would have a well fitting plate even over the 
newly grafted site. However, this extreme 
accuracy, coupled with the early postoperative 
edema, led to areas of pressure necrosis in the 
mucosa overlying the graft. Therefore, as 
previously mentioned, we use an oversized 
lower plate that fits accurately, however, over 
the non-grafted segment. The upper and lower 
jaws are then wired firmly together if a trache- 
ostomy is in situ. If not, the wires are placed 
and tightened on the first or second postopera- 
tive day. 

This method gives absolute immobilization 
for any required length of time and is certainly 
far superior to the previous methods that for 
the most part used the old Gunning splint or 
some modification thereof. Whichever of these 
previous methods were used, one had to resort 
to some sort of external immobilization such as 
headcaps, Barton type bandages or combina- 
tions of these devices. These methods never 
provided adequate immobilization and _ fre- 
quently caused severe slough of the skin under 
the chin. 

Immobilization should be maintained until 
there is firm bony union, and certainly the 
device should not be dismantled until a mini- 
mum of eight weeks has passed and preferably 
not until twelve weeks have elapsed, although 
firm union occasionally can and does occur 
much before this time. One can obtain little 
help from the x-rays in determining the status 
of the union in the early phase, and evaluation 
must be attained after clinical examination. 

With this method the patients are comforta- 
ble and not burdened with all sorts of grotesque 
apparatus. Oral hygiene is simple and adequate 
nourishment is possible. Most significantly, 
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firm bony union can be invariably anticipated 
assuming there are no unforeseen complications. 

This review of 1,305 cases of facial fracture 
reaffirms the fundamental principles of all 
fracture therapy. 

The era of the cumbersome head appliance, 
popularized by the dentist who was unable to 
attach the fractured bone directly, is fast dis- 
appearing. Today we are able to achieve 
accurate reduction and immobilization of these 
fractures either through properly planned in- 
cisions on the face and inside the oral cavity, or 
through the wounds themselves. 


CONCLUSION 


The first and, foremost significant finding 
derived from this extended study is the neces- 
sity for early reduction and immobilization. 
This will give the patient the best opportunity 
for suitable cosmetic restoration with minimal 
functional loss. In addition, complications are 
kept to a minimum. Infection is prevented by 
early treatment, and rhinorrhea successfully 
controlled. Undoubtedly, a delay of twenty- 
four hours can seriously alter the postoperative 
course and final result. 

The frequent use of tracheostomy to over- 
come an obstructed airway and as an effec- 
tive route of anesthesia must be constantly 
considered. 

The full significance and value of a direct 
bone-wiring technic is firmly established. One 
must bear in mind at all times the principle 
of utilizing the nearest solid bony structure 
lying cephalad to the fracture site for support. 

Finally, both the patient and the physician 
must realize that effective reconstructive sur- 
gery can offer improvement in even the most 
despairing case. 
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U is apparent that the anterior fossa of the 
skull is the most vulnerable region for frac- 
turing and contaminating injury in cranio- 
cerebral trauma. Although antibiotics have 
allowed the surgeon a greater latitude in treat- 
ment, nevertheless a communication between 
the nasopharynx and intracranial contents 
remains a dangerous condition. Even though 
the immediate infection is controlled, the sur- 
geon may still be confronted with the problem 
of recurrent bouts of serious illness. The 
problem is largely solved if the condition is soon 
recognized and the communication properly 
and effectively sealed during the acute stage of 
head injury. 

This article presents an analysis of twenty- 
two cases of cranial defects in the anterior 
fossa. Eighteen patients were encountered and 
treated by the author at the 97th General 
Hospital, Frankfurt, Germany, between Octo- 
ber 1952 and June 1954, while four patients 
were seen from August 1954 to August 1955 
at the Wadsworth General Hospital, Veterans 
Administration Center, Los Angeles, California. 
All cases were traumatic in origin, demon- 
strating either cerebrospinal fluid rhinorrhea, 
intracranial air, or at operation fractures into 
the paranasal sinuses with meningeal tears in 
the anterior fossa floor. 


MECHANISMS OF INJURY 


In any head injury three effects are trans- 
mitted from the applied force: (1) the deforma- 
tion of the skull with or without fracture, (2) 
the rotation of the brain within the calvarium, 
and (3) the development of compressional or 


“‘rarefactional”’ strains within the brain along 
the direction of the applied force. 

Deformation of the skull depends on the 
velocity of the impact and the size and shape 
of the striking object. The tensile strength 
varies with the age, sex and race of the patient. 
Studies by Gurdjian, Webster, and Lissner [1] 
have shown that a high velocity blunt object 
causes local circumscribed fracture and depres- 
sion. Low velocity blunt impact causes an area 
of inbending at point of impact and, at con- 
siderable distance, an area of outbending in 
which a linear fracture may form. The linear 
fracture propagates both toward the point of 
the blow and in the opposite direction. 

Rotation effects are greatest in producing 
laceration or tearing of blood vessels and occur 
wherever contour of the skull permits gliding 
of the brain, i.e., parietal and occipital regions 
[2]. In force applied to the frontal regions, the 
contour of the anterior fossa floor, the sphenoid 
ridge and the falx cerebri limits this rotation so 
that shear strains only are produced in most 
instances. 

In the opinion of Holbourn [3], the compres- 
sional or rarefactional strains are not thought 
to be especially injurious. Therefore, in direct 
frontal injuries it is the fracturing of the skull 
and the shear strains within the lobes which are 
of most importance. My observations are 
mainly directed to the mechanisms of frac- 
turing and subsequent contamination. 

It is obvious from the foregoing that ana- 
tomic features also influence the fractures 
which are produced. In the base of the skull and 
prolonged up into the vault are the buttresses 
of the sphenoid ridge, and along the former 
metopic suture. The supraorbital ridges form a 
horizontal arch. A linear fracture at a right 
angle to a buttress will pass through, but at 
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Fic. 1. Transillumination of dried skull, displaying 
the buttresses and ridges of bone with relation to the 
paranasal sinuses. 


other angles will be diverted to run parallel 
to it. 

The structure of the anterior fossa floor is 
such as to predispose it to isolated fractures. 
(Fig. 1.) The thin bone of the floor is irregular 
in contour and thickness due to the convolu- 
tional markings. Inset is the depression of the 
cribriform plate with the delicately walled 
ethmoid cells at each side and the larger frontal 
and sphenoidal sinuses before and_ behind. 
Extending laterally from the central region are 
two ridges of greater bony density; one into the 
orbital roof and the other at the level of the 
posterior cribriform plate. These ridges of 
heavier bone may deflect a radiating fracture 
and turn it inward to these sinuses. The second 
unique characteristic of this region is the type 
of bone. The convolutional markings result in 
several small eminences with thicker bone at 
the apex surrounded by thinner bone.’ The 
most prominent of these eminences form the 
roofs of the ethmoid cells. A fissure will tend to 
run through the thinner bone around such an 
eminence, resulting in a free fragment of bone. 
Not uncommonly, we have found that the 


Crandall 


518 


fragments in the ethmoid roof seem to disappear 
and leave an almost oval-shaped aperture with 
lacerated dura overlying. 

One additional factor may be important in 
the production of fractures. The tough, in- 
elastic falx attaches to the crista galli, and in 
depressed fractures stretching the falx may 
wrench the ethmoid bone and its connections. 

I have found that the fractures of the anterior 
fossa floor which result in craniosinus fistula 
develop from several sources. They may be the 
result of linear fractures radiating from the 
vault, from depressed fracture low on the vault, 
from facial injury or from force directed at the 
base of the skull. For convenience I have 
divided them into four groups. 


FRONTAL INJURIES 


Nine patients suffered extensive injury with 
depressed frontal bone fragments, comminuted 
fractures of the paranasal sinuses and orbital 
roofs, and open frontal scalp wounds. Two 
cases of an unusual nature were the result of 
accidents in which soldiers were struck by a 
tire rim while inflating a truck tire under great 
pressure. Both injuries were identical in that 
large, bilateral depressed frontal fractures at 
the supraorbital level were produced. The 
remaining cases arose from more common acci- 
dents, and most of them included varying 
degrees of damage to the eyes. : 

Immediate operation was undertaken in 
seven patients to repair extensive meningeal 
tears. Such tears were frequently associated 
with moderately large bony defects over the 
ethmoid sinuses and cribriform plate. In two 
patients very large defects in the sphenoid 
sinuses existed. Herniations of brain tissue 
almost invariably accompanied such large 
defects. Only one instance of a simple linear 
fracture in the frontal region was encountered; 
the fracture passed through the right frontal 
sinus and radiated back into the ethmoid cells. 
A pneumatocele was visible on the initial films. 


TEMPORAL FRACTURES 


The presence of midline cranial and men- 
ingeal defects may not be recognized in the 
instance of temporal fractures. The fracture 
may run in an arc-like fashion across the floor 
of the anterior fossa, resulting in comminuted 


' fractures in the roof of the paranasal sinuses. 


Particular attention should be paid to this 
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midline complication of temporal fractures, 
and for this reason two case reports are 
appended. Six instances of temporoparietal frac- 
ture with craniosinus fistula were encountered. 


Case 1. A thirty-one year old white sergeant 
was found dead in his bed at 5:40 A.M. on January 
22, 1954. 

Review of his past records revealed that in 
Korea, September, 1950, he had sustained a left, 
compound, frontotemporal skull injury that re- 
sulted in multiple foreign bodies in the left frontal 
lobe. Surgical removal of bone in this area was 
performed shortly thereafter. In November, 1950, 
he was treated for meningitis (alpha streptococcus), 
and in the spring of 1953 at a U.S. General Hospital 
a tantalum cranioplasty was performed to fill the 
left frontotemporal skull defect. 

The pertinent autopsy findings included a skull 
defect, 5 by 3 cm., in the lower temporal region 
filled by a perforated metallic plate. Another bony 
defect, 1.5 cm. in diameter, lay in front of the 
cribriform plate and communicated with the left 
frontal sinus in front and the ethmoid cells behind. 
A third defect, 2 cm. in diameter, crossed the right 
orbital plate; the dura and overlying brain were 
adherent in this region. (Fig. 2.) 

An irregular abscess, 6 cm. in diameter, was 
found in the right frontal pole. It was filled with 
thick, green pus; the organism was cultured as 
pneumococcus. The overlying shell of cerebral 
substances was thin, friable and markedly adherent 
to the dura and defects at the base of the skull. 
Purulent exudate filled the subarachnoid spaces. 

The ependymal lining of the right ventricle was 
partially ulcerated and contained inflammatory 
exudate. Widespread toxemia was manifested by 
hemorrhages in the lungs, epicardium and skin; 
pneumococcus was also recovered from the blood 
and pericardial fluid. 


Case u. On March 7, 1954, at 10:35 P.M., a 
twenty-three year old Negro Air Force policeman 
was found unconscious behind his overturned jeep 
with a missile wound of the head. When admitted 
to the hospital he was in profound coma and 
shock, and had spasmodic, irregular respirations. 

Examination revealed punctate missile wounds 
in each temple. The right wound, which was filled 
with black gunpowder, was located 2 cm. behind 
the outer edge of the eyebrow. The left exit wound 
was at the hairline approximately 3 cm. above the 
zygomatic arch. There was bleeding from both 
nostrils, slight exophthalmos and a considerable 
swelling beneath the scalp on both sides. The right 
pupil was widely dilated and fixed. The patient 
moved all extremities well. He was treated for 
shock, and roentgenograms of the skull revealed 
rounded defects in both temporal areas from which 
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Fic. 2. Case 1. Above: A large cranial defect is present 
in the roofs of the anterior ethmoidal cells. Note also 
the tantalum plate in the left temporal region. Below: 
The brain shows a right frontal abscess which extends 
across the midline and involves the left frontal pole 
as well. 


there were many radiating fractures. At no time 
did he have any cerebrospinal rhinorrhea. 

Shortly after admission both frontal lobe tracts 
were débrided and numerous pieces of bone, clot 
and gunpowder were removed. A tracheotomy was 
performed and blood was administered. Fifteen 
days after injury anuria supervened, and the 
patient died eighteen days after admission. 

Autopsy revealed multiple pulmonary emboli, 
phlebothrombosis of the tibial veins, lower nephron 
nephrosis and a small, indurated duodenal ulcer. 
In addition to the skull defects already described, 
an irregular coronal fracture at the base of the 
skull extended between these two defects and 
involved the cribriform plate and the upper surface 
of the sphenoidal sinus, allowing a direct com- 
munication with the intracranial contents. A probe 
could be passed into the sinus and the nasal fossa. 
The undersurfaces of the frontal lobes were 
irregularly lacerated, with protrusion of the 
parenchyma into the right sphenoidal sinus. No 
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Fic. 3. Case 11. Above: Film shows a large, bifrontal 
fissure fracture and postoperative cranial defect in the 
left temporal region. Note the marked tilting of the 
crista galli to the right. Below: Note bilateral ethmoid 
cell defects associated with the arc-like fracture of the 
anterior fossa floor. 


evidence of infection was found, although mucus 
from the sinuses had exuded into the cranial 
cavities. (Fig. 3.) 


Comment on Case II. In this patient a mas- 
sive defect existed without apparent rhinorrhea, 
and one which would have resulted in compli- 
cations had not the aforementioned defects 
intervened. In retrospect, the anterior fossa 
floor would have been inspected and managed 
had the condition been suspected. Adequate, 
early x-rays are required even if anesthesia is 
necessary for a restless patient. 


FACIAL INJURIES 


Head-on blows to the face may result in a 
block-like separation of the entire maxilla. 
The force is usually transmitted by the frontal 
process of the maxilla to the base of the anterior 
fossa. There were six such cases in this group. 
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Roentgenograms revealed fractures confined 
to the shell-like bones of both sides of the 
maxilla and sinuses. The lateral limits of this 
block-like fragment could be seen clearly by 
fracture-separation of the zygomatic arches. 
Little or no radiation of the fractures into the 
supraorbital ridge was seen. The exact status 
of fractures within the facial bones is often 
difficult to determine. 


DISCRETE FRACTURES 


In this series at least one case appeared to fall 
into this group of isolated small fractures in 
the anterior fossa floor. 


Case 11. A twenty-eight year old corporal 
suffered from intermittent rhinorrhea caused by a 
severe head injury sustained in Korea in 1951. 
He had five attacks of meningitis, one of which 
was followed by right hemiplegia and aphasia. 
After craniotomy with attempted closure of the 
dura was undertaken in a U.S. General Hospital, 
the patient was free of rhinorrhea for several 
months. Reoperation was undertaken at the 97th 
General Hospital Frankfurt, Germany, following 
his last episode of meningitis in May, 1954. A bony 
defect in an ethmoid roof was found and repaired. 


Adson [4] reported one case of a man who 
sustained a depressed skull fracture at the 
vertex from the fall of a 50-pound weight and 
who also had a discrete fracture of the anterior 
fossa floor. 


CLINICAL MANIFESTATIONS 


The principal manifestation of craniosinus 
communication is cerebrospinal fluid rhinor- 
rhea; of the twenty-two cases in this series, it 
was present in fourteen. Immediately after 
injury the rhinorrhea is a thin, bloody fluid 
which becomes pink in one day and later is 
colorless and watery. The sugar content of the 
fluid was occasionally helpful in identifying it 
as cerebrospinal fluid. To avoid overlooking 
rhinorrhea and as a part of a physical examina- 
tion, all unconscious or irrational patients 
should be placed for a few minutes in the prone 
position with their faces dependent over the 
side of the bed. 7 

Ecchymoses, fluctuant swellings about the 
orbit and proptoses are also significant findings. 
These signs were noted in thirteen patients of 
the series. Nuchal rigidity (not attributable to 
meningitis, subarachnoid blood, or injury to 
the neck) was often present, particularly in those 
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patients with extensive damage at the base of 
the skull. It may be a valuable clue to diagnosis. 

Visual field defects from optic nerve involve- 
ment due to fracture of the optic foramen were 
found in seven cases. Extraocular muscle in- 
volvement was present in eight cases. Three 
patients with massive frontal injury required 
enucleation for rupture of an eyeball. As in the 
instance of orbital fracture, injuries to orbital 
contents should lead one to suspect nearby 
paranasal sinuses. Crepitation at the base of 
the nose usually indicates fracture of the nasal 
bones. In three cases, when the upper teeth 


were grasped, the whole block of maxillary 


bone could be moved with ease and the con- 
tours of the face altered. No wiring could be 
done in the presence of the acute cerebral 
injury because of the difficulty of maintaining 
a good airway and the possibility of vomiting. 
After the rhinorrhea had spontaneously ceased, 
manipulation or wiring of the facial bones fre- 
quently resulted in a temporary recurrence of 
the rhinorrhea. Despite the remarkable in- 
stability of the face, the fracture unions were 
firm in two to three weeks. 

As other authors [6,8] have pointed out, signs 
which are definitely indicative of a dural com- 
munication with the paranasal sinuses include 
aeroceles (flask-like collections in the frontal 
lobe substance) and pneumocephalus (collec- 
tions of air in the ventricles or over the con- 
vexities via the subdural and subarachnoid 
spaces) [15,16]. Two such instances occurred 
in this series. 

Radiologic demonstration of the bony defect 
is of great importance. Stereoscopic postero- 
anterior views are helpful in tracing fissures. 
Tilting of the crista galli, as seen in Fig. 3, is 
sometimes observed. Lateral views that show 
buckling of the orbital roof and tilting of the 
anterior clinoid process usually indicate defects 
in the ethmoid or sphenoidal sinuses. Optic 
foramen views often help to show orbital frac- 
tures and some of the ethmoid cells. Johnson 
and Dutt [13] have developed two projections, 
similar to the optic foramen view, that outline 
the ethmoid and sphenoidal sinuses; the appear- 
ances are detailed in their article. These latter 
views, however, require excellent cooperation 
from the patient and the best radiologic tech- 
nic; even then they may be difficult to interpret. 

Craniosinus Fistulas Revealed Only by Men- 
ingitis. Craniosinus fistula can exist without 
cerebrospinal rhinorrhea or intracranial collec- 


tions of air, and it is to this situation that I 
wish to call special attention. There were six 
such cases in this series. Since many forms of 
meningitis are now easily controlled by various 
antibiotic drugs, it becomes important to con- 
sider the cause of the original meningitis and, 
by radiologic investigation, to determine if a 
fracture of the anterior fossa is present. In 
the following case the use of antibiotic drugs 
may well have actually fostered the develop- 
ment of chronic meningitis due to a fungus 
which may have gained ingress through default 
of other organisms. 


Case tv. On December 11, 1954, a sixty-two 
year old man was involved in an automobile 
accident, during which his head cracked against 
the windshield. Although he sustained facial frac- 
tures, hemorrhage and a dislocated lens in the 
right eye, and comminuted fractures of the patella, 
he was not unconscious. Because of signs of infec- 
tion in the eye, it was enucleated. 

Shortly after admission to the Wadsworth Gen- 
eral Hospital on December 26th, radiographs of 
the skull showed fractures of the inferior rim of 
the orbit on the right, fractures of the nasal bones 
and a fracture of the posterior wall of the frontal 
sinus. From the time of injury the patient com- 
plained of a constant mild headache, principally 
over the right frontal area. 

On March 11, 1954, the patient was lethargic, 
and during the next few days he had four episodes 
of nausea and vomiting, shaking chills and a tem- 
perature of 38.9°c. (102°F.). He also complained 
of increasing headaches. Lumbar puncture re- 
vealed a pressure of 160 mm. and 185 white cells 
per cc., composed of 54 per cent polymorphonuclear 
leukocytes and 46 per cent lymphocytes. During 
the remainder of the patient’s hospital course he 
ran a continuous low grade fever between 37.8°c. 
(100°F.) and 38.9°c. (102°F.). It was accompanied 
with a meningeal cellular reaction averaging 300 
white cells per cc., the majority of which were 
polymorphonuclear leukocytes. Total protein aver- 
aged 150 mg. per cent and globulin 2 plus. A total 
of fifteen cultures were made, six specifically for 
fungi; all were negative. Because of suspicion of 
brain abscess a ventriculogram was taken on 
April 26th; it was entirely negative. 

Antibiotic drugs were used from the time of the 
accident to the patient’s death, except for a period 
from February 9th to March 17th. The patient was 
treated with various combinations of penicillin, 
sulfadiazine, erythromycin, chloramphenicol, tetra- 
cycline and oxytetracycline hydrochloride. None 
of these agents affected his clinical course, nor did 
they alter the cellular reaction in the spinal fluid. 
In July increasing lethargy and, at times, stupor 
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Fic. 4. Case 111. Photomicrograph showing a peduncu- 
lated herniation of brain tissue with a central core 
of malacia surrounded by marked gliosis. At autopsy 
the protrusion was through an osseous defect com- 
municating with the right ethmoid sinus. Original 
magnification, <6. 


and complete disorientation developed. He had 
tremor which was irregular, coarse and charac- 
terized by some slight rigidity of a cogwheel nature 
and a slight motor restlessness in all extremities. 
On July 7th a second ventriculogram revealed 
extremely thickened and greenish arachnoidal 
membranes and a very marked dilatation of the 
entire ventricular system. The patient died six 
months and twenty-seven days after injury. 
Autopsy examination disclosed that the cal- 
varium was free of osseous abnormality except for 
the right ethmoid sinus. The brain ia the inferior 
right frontal area adjacent to the defect showed a 
1.4 cm. localized area of herniation and mild 
softening where the brain parenchyma and olfac- 
tory tract had protruded into the osseous defect. 
(Fig. 4.) There was a small quantity of moderately 
cloudy seropurulent exudate over the base of the 
brain and the inferior right frontal herniation. A 
left intracerebral hemorrhage in a ventricular 
needle tract was present. The basilar meninges 
were thick and encrusted with purulent material, 
especially around the cerebellopontile angle, inter- 
peduncular space and the foramens of Luschka. 
Microscopic examination showed active chronic 
meningitis in the base of the brain including foreign 
body giant cell reaction and septated chlamydo- 
spore-forming organisms, probably aspergillosis. 


TREATMENT 


In certain instances indications for operative 
intervention are obvious: (1) compound de- 
pressed frontal fractures; (2) extensively com- 
minuted fractures of the anterior fossa; (3) 
increasing or persistent pneumocephalus. To 
these should be added: (4) widely fissured 
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fractures in the anterior fossa accompanied 
with rhinorrhea; (5) recurrent cerebrospinal 
rhinorrhea or recurrent bouts of meningitis. 
The question now arises as to whether (6) 
cerebrospinal rhinorrhea beginning at the time 
of injury is an indication for immediate inter- 
vention, and if not, just how long it should be 
allowed to persist before becoming one. Arbi- 
trary limits have been set by certain authors 
according to their experience. Adson [4] al- 
lowed the condition to persist eight weeks 
before undertaking repair, Dandy [9] two 
weeks, and Gurdjian and Webster [12] a “few 
days only.” 

Recently Lewin [14], at the Radcliffe In- 
firmary, Oxford, concluded that “Dural repair 
should be considered in all cases of paranasal 
sinus fracture with rhinorrhea, whether it is of 
early or late onset, of brief or long duration.” 
This conclusion is based on a follow-up study 
varying from three to nine years. He followed 
up similar groups of cases in which no surgery 
was performed. Complications of operation 
were almost nil, while-cases in which there was 
no surgery had a high incidence of late infec- 
tions, recurrent rhinorrhea and mortality. 

In the present series certain observations in 
favor of Lewin’s conclusions were made. In 
those patients operated upon from ten days to 
four months after injury the natural processes 
of repair as observed at operation were de- 
ficient. Herniations of cerebral tissue with 
piarachnoidal adhesions to the dura mater at 
the edge of the defect were common findings. 
A web-like arachnoidal membrane over the 
defect was also frequently encountered. Pre- 
vious meningitis did not seem to have increased 
the reparative process. It seems that the only 
instance in which successful natural repair can 
be expected is that in which the dural edges 
are in contact without the interposition or 
interference of other tissue (i.e., bony spicules, 
mucous membranes, brain, and so forth). In 
any case of recurrence of rhinorrhea or men- 
ingitis, as well as in any case of widely fissured 
fracture, this ideal natural approximation is 
not present. On the other hand, it was possible 
to perform the operative repairs without added 
neurologic deficit and, in most cases, with 
improvement in the neurologic state. 

The principles of closure of cranionasal 
fistula have gradually evolved since 1927 when 
Cushing [7] reported the use of free fascia lata 
grafts in patients from whom he had removed 
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ethmoid exostoses. In 1926 Dandy [8] claimed 
to be the first to close a fistula successfully in 
a patient with spontaneous cerebrospinal 
rhinorrhea. Various materials have been used 
by different surgeons; bone wax and strips of 
muscle in the defect, temporalis fascia, tibial 
periosteal grafts [11], pericranium, fascia lata, 
and gelfoam® sponge [6]. The extradural 
approach was almost universally used until 
Cairns and Lewin [5] used the intradural 
approach in treating sphenoidal sinus fractures 
with fistulas. A defect so far posterior required 
the intradural approach; it was also found 
easier and the results of free facial grafting 
were equally as good. Subsequently, during 
World War u British surgeons under the in- 
fluence of Cairns used this method exclusively 
and widely in treating missile wounds with 
cranionasal fistulas, with excellent results. In 
1944 Gurdjian and Webster [12] recommended 
combined extradural and intradural repairs. 

In our series twelve operations to close 
cranionasal fistulas were carried out on nine 
patients. Low bilateral frontal craniotomy was 
found to give adequate exposure. In cases of 
massive bilateral depressed skull fracture the 
operation could, in most instances, be per- 
formed through the skull defect after removal of 
comminuted fragments. Dural defects were 
closed by the extradural approach when they 
lay anterior to the cribriform plate. This 
method [zo] was used because most often the 
dura could be closed by direct silk suturing 
after its mobilization. Dural defects, in or be- 
hind the cribriform plate region, were usually 
closed by wedging a piece of muscle in the 
cranial defect and the paranasal sinus and then 
applying a generous piece of fascia lata or 
temporalis fascia intradurally over the men- 
ingeal defect. In most instances a few guy 
sutures were placed at the corners of the graft. 
It was considered necessary to use muscle 
beneath the piece of fascia because in two 
patients who required reoperation the graft 
had disappeared. One patient required reopera- 
tion because of the failure of gelfoam to seal 
the dural defect; this was the only patient in 
whom this method of repair was used. 

The intradural exposure is usually quicker, 
facilitates disclosure of a cranionasal fistula and 
aids in the protection of the blood supply of 
herniated cortex. In cases of missile wounds 
near the anterior fossa, the anterior fossa floor 
should be inspected intradurally in addition to 
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the débridement of bullet tracts. The intradural 
approach can be undertaken on the first day of 
injury, but after the first day and throughout 
the following week it becomes a difficult proce- 
dure because of edema of the frontal lobes. A 
reparative procedure should not be performed 
in the presence of meningitis, abscess or other 
infection. 

Of the nine patients treated operatively, 
four had repair on the day of injury, three had 
repair ten to eighteen days after injury, one 
after four months and one after four years. 
The latter two patients had delayed cerebro- 
spinal fluid rhinorrhea. No appreciable differ- 
ence in the postoperative course could be 
detected between those having repair on the 
day of injury and those repaired ten to eighteen 
days later. In most patients rhinorrhea had 
ceased by the second postoperative day, but 
in one it persisted until the fifth day. Two 
patients had a striking improvement in their 
neurologic status immediately after operation. 
In both of them sizable amounts of subfrontal 
clot and pulpified tissue were removed. There 
were no fatalities from repair of cranionasal 
fistulas. Three patients required reoperation 
for recurrence of cerebrospinal fluid rhinorrhea. 
The first patient was reopened ten days after 
the initial repair, and a second communication, 
which had previously been overlooked, was 
found leading into the sphenoidal sinus. When 
the second patient was reopened eighteen days 
after operation, it was noted that the gelfoam 
sponge had disappeared. When the wound of 
the third patient was reopened thirty-nine days 
after injury, the smaller and more posterior 
of two cranionasal communications was still 
patent although the small fascial graft had 
disappeared. Subsequently all three patients 
had healing without further recurrence of their 
cerebrospinal fluid rhinorrhea. In Germany 
postoperative observations were confined to 
two months in all cases except two, since all 
patients were then returned to the Zone. of the 
Interior. The patients at Wadsworth General 
Hospital have been followed up from six months 
to one year. 


SUMMARY 


The results of injury to the anterior fossa of 
the skull are discussed, with particular refer- 
ence to the type of fracture encountered. A 
series of twenty-two cases of cranionasal 
fistulas, in which nine patients were operated 
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upon, is presented. Of those patients operated 
upon for repair of fistulas, there were no 
deaths or increase of neurologic deficit. Three 
patients required two operations each before 
successful closure was obtained. 

The mechanisms of injury, clinical manifes- 
tations and treatment for these injuries are 
reviewed. In brief, the indications for operative 
intervention are: (1) compound depressed 
frontal fractures; (2) extensively comminuted 
fractures of the anterior fossa; (3) increasing or 
persistent pneumocephalus; (4) widely fissured 
fractures of the anterior fossa accompanied 
with rhinorrhea; (5) recurrent cerebrospinal 
fluid rhinorrhea; and (6) episodes of acute or 
chronic meningitis associated with demon- 
strable paranasal sinus bony defect. The ad- 
visability of extending these indications to 
include any case of rhinorrhea of early or late 
development is considered. It is emphasized 
that a craniosinus fistula may exist without 
obvious signs of rhinorrhea or intracranial air. 
Characteristic injury should call for proper 
roentgenographic examination. 
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The Treatment of Electric Burns 
of the Skull 


J. W. GATEwoop, M.D. AND H. H. McCarrtny, m.p., Omaba, Nebraska 


From the Department of Surgery, Creighton University 
School of Medicine, Omaba, Nebraska. 
) arate burns in general are a most 
interesting type of injury, and those of the 
skull are particularly fascinating because even 
with very severe injury to the scalp and skull 
these patients recover with surprisingly little 
permanent injury to the brain. According to 
Gossells [1], .4 per cent of all accidents in the 
home and in industry are due to electricity, 
with mortality rates variously estimated as 
from 15 to 45 per cent. 
The effect of an electrical current, as given 
by Pearl [2], depends on: (1) tension or voltage, 
(2) intensity or amperage, (3) type of current, 


- (4) resistance at the point of contact, (5) path 


of the current, and (6) individual susceptibility 
of the organism. Low voltage is considered 
anything under 1,000 volts and, according to 
Kouwenhoven [3], it kills through a mechanism 
of ventricular fibrillation, while high circuits 
destroy or inhibit the nervous centers. The 
intensity or amperage varies with the resist- 
ance. With the exception of bone, skin offers 
more resistance to electricity than any other 
body tissue. Pearl [2] gives the resistance of 
dry skin as 5,000 ohms, moist skin as 1,000 
ohms and the resistance of the calloused palm 
of a laborer as 1,000,000 ohms. The saline- 
covered electrode used in legal execution re- 
duces skin resistance to 300 ohms; when the 
skin is dry, resistance is high and therefore the 
burn is greater and the systemic effect less. 
One would perhaps expect that in order to 
avoid the high resistance of bone the current 
would travel along the soft parts of the scalp 
[4]. In actuality, the bone offers the current a 
larger surface than the thin layer of soft tissue 
which covers it, so that most of the current 
passes through the bone. This is well demon- 
strated in our cases. Since the current usually 


seeks the path of least resistance, it passes 
readily through both blood vessels and cerebro- 
spinal fluid. The damage is greatest to the 
tissues that offer the most resistance. Points of 
entrance and exit are significant, as they re- 
ceive the most intense effect of the current. The 
tissue is heated momentarily to the level of 
5,500° to 7,000°F. created by the arc. Tissues 
in the vicinity are completely coagulated. Thus 
barriers to bacterial invasion are created and a 
minimum of infection ensues [5]. 

The path of the current is important as far as 
fatality is concerned. Current passing through 
the left side of the body is more lethal than that 
passing through the right side. If such vital 
organs as the brain, medulla oblongata and 
heart are traversed by the current, the chances 
of death are much greater. This again depends 
on the voltage and the resistance. In one of our 
cases the point of entrance was the right side 
of the skull and the points of exit the right leg 
and right wrist. The patient was subjected to 
12,800 volts for a period of twenty minutes. 
Had the point of exit been on the left side, 
death would no doubt have resulted. 

Individual susceptibility is said to be impor- 
tant and in certain diseases the resistance is 
said to be diminished, especially in exophthal- 
mic goiter and hysteria [5]. 

Death in man is due to ventricular fibrilla- 
tion, respiratory paralysis, a combination of 
these two, or prolonged tetanus of the respira- 
tory muscles in which the patient cannot 
breathe even though the respiratory system is 
normal. | 

The treatment of the victim of electric shock 
consists of shutting off the current, pulling the 
victim away with clothing, or pushing the cur- 
rent away with a non-conductor such as wood. 
If the patient is not breathing, artificial respira- 
tion should be given and maintained as long 
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Fic. 1. Case 1. Photograph of man being lowered from 
pole after receiving 12,800 volts of electricity for a 
period of twenty minutes. 


as life is present. In 1912 Jellinek, as quoted 
by Jaffe [4], claimed that in most cases the 
patient only appeared to be dead from electric 
shock. He claimed that these victims suffered 
from temporary respiratory paralysis and that 
if the blood were kept properly oxygenated by 
artificial respiration until the normal irritability 
of the respiratory center returned, most of the 
victims would recover. This accounts for revival 
after periods of four to eight hours of so-called 
suspended animation. However, many deaths 
are due to ventricular fibrillation, which re- 
quires defibrillation and cardiac massage. This 
must be carried out within approximately ten 
minutes. Unfortunately, when these accidents 
happen, trained medical personnel and equip- 
ment are usually not available. 


CASE REPORTS 


Cassel. F.S., a fifty-five year old man, entered 
St. Catherine’s Hospital on November 1, 1947. He 
was a lineman who gave a history of having been in 
contact with a high voltage wire while he was on a 
pole on July 14, 1947. He was in contact with a 
current of 12,800 volts for a period of twenty min- 
utes while help was arriving. (Fig. 1.) As far as is 
known, respiration never stopped although he was 
in continuous contact with the current. He was 
treated at another hospital where his right leg 
was amputated below the knee, and it was neces- 


Fic. 2. Case 1. Photograph showing dead, necrotic hair, 


scalp and skull three and a half months after electrical 
burn. 


Fic. 3. Case 1. Photograph showing split-thickness skin 
graft covering dura and inner table of right side of skull 
nine years after electrical burn. 


sary to amputate the three fingers of his right hand. 
He also had a severe burn of the right wrist which 
had damaged the tendons. Following the contact 
with the electricity, he had complete paralysis of 
the left side of the body, left arm and lower ex- 
tremity. The current was in contact with the right 
side of the skull and, as shown later, the greatest 
damage was over the motor area. The paralysis 
was probably the result of direct damage to the 
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Fic. 4. Case 1. Photograph of radiograph showing defect 
of skull nine years after electrical burn. 


brain substance on the fiat side. On admission to 
the hospital on November Ist, approximately three 
and a half months after the original injury, the 
dead tissue, consisting of hair, scalp and the skull, 
was still in place. (Fig. 2.) There was no significant 
infection in spite of lack of débridement. The 
patient now had regained the use of his left arm 
and leg, but he was very unstable and even today 
has little sense of balance. 

Examination at the time showed dead necrotic 
hair and periosteum. The bone of the skull was 
exposed on the entire right side. On November 2nd 
the scalp was removed and holes were bored in the 
outer table of the skull. The remaining portion of 
the outer table of the skull was removed by Decem- 
ber 31st by three operative procedures. Granulation 
tissue was allowed to grow and a split-thickness 
graft was applied to the granulating area on Febru- 
ary 6, 1948. The patient was dismissed on February 
25, 1948, with the graft growing around the 
periphery but with an area of approximately 8 by 
5 cm. of dead bone of the inner table still remaining 
in the center. He was readmitted on June 15, 1948, 
and three days later the dead bone of the inner 
table in the center portion was removed. On June 
25th a split-thickness skin graft was applied. On 
August 7th a few spicules of dead bone were re- 
moved and a final small split-thickness skin graft 
was applied. He was discharged on September 2nd. 

This patient has been followed up since that time 
and the split-thickness skin graft has continued to 
hold up although the central portion covers the 
dura and the outer portion the inner table of the 
skull. (Figs. 3 and 4.) Bilateral cataracts developed 


Fic. 5. Case 11. Photograph of electrical burn resulting 
from current of 46,000 volts twenty-seven days after 
contact. Note dead occipital bone. 


which were enucleated in 1950. There had been 
evidence of these cataracts developing early during 
his stay at the hospital in 1947. He was last seen 
in 1956. His vision is good and his mental outlook 
excellent. The split-thickness skin graft covering 
the dura has stood up very well and no sequestra 
have come through over quite a long period of time. 
His main difficulty is the loss of equilibrium. He 
has much more control on the side where the leg 
and part of the hand were amputated than the 
side on which he has a normal leg and arm. There- 
fore there has been some permanent damage in- 
volving the right side of the brain. His mind is 
clear and his mental processes are unimpaired. 


Case. E. T., a forty-nine year old white man, 
was working on a metal roof at Oakland, Nebraska, 
on January 12, 1956. He accidentally made contact 
with a wire carrying 46,000 volts of electricity and 
lost consciousness immediately. (Fig. 5.) He was 
pulled from the current and was given artificial 
respiration. He states that he remembers very little 
of the first few days and was said to have been 
semi-comatose from approximately 11:00 A.M. until 
7:00 P.M. on the day of the injury, although at times 
he seemed to function normally. 

He entered St. Joseph’s hospital five days later. 
At this time there was a large area on the left 
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Fic. 6. Case 1. Photograph showing patient six months Fic. 7. Case 1. Photograph showing split-thickness skin 
after burn. Defect of skull covered by pedicle scalp flap graft covering defect of scalp caused by moving" pedicle 
and neck by split-thickness skin graft. flap back to cover occipital defect. 


posterior surface of the skull, neck and left ear — was not disturbed so that a good take of the graft 
which were charred and the burn was definitely | might be obtained. On February 23rd the left 
third degree. He had a marked second degree burn temporal side of the flap was divided and the flap 
on the left side of his face. The outlet of the current rotated down so that the bone was covered. A 
was on the right leg from the knee down and in- _ split-thickness graft was applied to the remaining 
volved an area measuring approximately 10 by _ granulating area of the neck. (Figs. 6 and 7.) 

4 inches. The outer portion of the tibia, the perineal This patient has done well. He has shown no 
nerve and the head of the fibula were destroyed. involvement of the eyes. He walks quite well and 


Py On January 19th débridement was carried out, does not have the extreme imbalance that seems 
iz removing all of the dead tissue on the back of the to go along with so many cases of electrical burns 
ti neck, skull and the involved area of the right leg. involving the skull. He was particularly plagued 
ee On January 31st the cortex of the tibia was chiseled — with a neuritic type of pain that required narcotics 
ae down to where good bleeding was obtained andthe _for a period of over two months. The pain extended 
a head of the fibula was removed; in so doing the _ into the shoulder region on both sides and was very 


knee joint was exposed. The entire area was covered severe. After two and a half months this was 
with a split-thickness skin graft immediately. On — controlled by aspirin and at present no drugs are . 
February oth the outer portion of the skull was required. 

chiseled off down to bleeding bone. The dura was 


yy : exposed in an area approximately 2 cm. in diameter COMMENT 

oe in the occipital region. The only questionable area These cases present severe damage following 
contact with high voltage current with loss of 
with a split-thickness skin graft. On February 16th scalp 
a bipedicle scalp flap was started, the pedicle being 


based on the temporal arteries and the flap moved and are examples of late and early débridement. 
back a distance of approximately 334 inches. A In the first case local debridement was not 
split-thickness skin graft was placed in the defect. | carried out for three and a half months. There 
Care was taken that the covering of the cranium ___ was practically no infection, and no damage 
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seemed to result from allowing the dead bone 
to remain in place. In fact the inner table of 
the skull which required removal was left in 
place for eleven months. Bilateral cataracts 
developed, probably caused by the burn which 
was near the eyes. There was temporary total 
paralysis on the left side of the body. This 
cleared, but permanent brain damage remains 
after nine years, manifested chiefly by the lack 
of balance. 

In the second case local débridement and 
coverage was carried out as rapidly as possible. 
It was thought that because of involvement in 
the occipital region and not knowing how much 
bone might be lost, a heavier covering would, 
be useful in this area. Gardner [6] described an 
unusual method of coverage of a large scalp 
and skull defect by means of a constant traction 
dressing. Bagozzi |7] reported three cases in 
which large scalp and skull defects were cov- 
ered using tubed flaps from the abdomen and 
lumbar regions, inserting acrylic, ““os porum”’ 
and vitallium® implants for the skull defects 
at the same time. 

It is our belief that in general early débride- 
ment should be carried out in electrical burns. 
We have seen gas gangrene develop in one case 
within forty-eight hours following an electrical 
burn to the arm and the patient die in spite 
of amputation at the shoulder. In the case of 
burns of the scalp and skull the cooking process 
seems to be so thorough that all barriers to 
infection are well sealed and one can proceed 
with any desired treatment. 
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DISCUSSION OF PAPERS BY DRS. WALDEN AND 
BROMBERG; CRANDALL; AND GATEWOOD 
AND MCCARTHY 


TruMAN G. BLockErR (Galveston, Texas): I had 
an opportunity to read the paper by Drs. Walden 
and Bromberg prior to its presentation, and I was 
quite impressed with the care which this large 
group of patients had received. 

I would like to emphasize that some of the older, 
simple methods can be utilized with great ease in 
the majority of cases. 

All of us should be familiar with the single-wire 
multiple-loop method of intermaxillary elastic 
traction. This technic was devised by Dr. Roy Stout 
during World War 1 and is an excellent method for 
maintenance of occlusion in the majority of pa- 
tients with fractures. 

He also devised another apparatus for forward 
traction which, although generally an emergency 
measure, we have found to be very adequate in 
pulling upper jaw fractures forward. We have not 
been satisfied with head caps or casts and outriggers 
from other upper bony areas, whereas Stout’s 
apparatus can be made with two coat hangers. It 
is attached to the occiput by the head bandage and 
gives good forward traction. 

I certainly am aware that success in the care of 
most maxillofacial injuries in recent years has been 
considerably enhanced by the use of antibiotics. 

R. Cuampion (Manchester, England): I was 
very interested in the paper given on maxillo- 
facial injuries and would like to discuss one case 
illustrating an aspect which was not dealt with but 
which could and might be used at times in severe 
automobile accidents. 

The patient was a miner working in a pit who 
was injured by a steel girder which fell down on the 
right side of his nose, shearing off the right side of 
the face as a flap. The right side of the face was 
held by a pedicle, and on that pedicle was the nose. 
The right eye, the right maxilla, the right antrum 
and all the nasal cavity were completely destroyed 
and the left antrum was opened. 

Operation was carried out five hours after injury; 
all the loose bony fragments were removed in the 
cavity and a large skin graft was taken from the 
thigh. This was applied over a pack of tulle gras 
approximately the size of a tennis ball, and the 
face was then sutured together. Five days after the 
original injury the suture line was almost healed. 
It extended down the left side of the nose to the 
left side of the lip. The right eye had been removed. 

Three more operations were performed. The 
buccal cavity was enlarged so that a prosthesis 
could be fitted onto the upper denture to obtain 
normal facial contour. A bone graft was inserted 
into the right malar region and a bone graft was 
inserted to bring the nose forward. 
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There was loss of skin on the left side of the nose. 
This, of course, was natural owing to the severity 
of the injury, and a forehead rhinoplasty was 
brought down to restore the left side of the nose. 

The patient now comes to the hospital twice a 
year to have the crusts removed from the large 
cavity which occupies most of the right side of the 
face and the nasal cavity. 

Davin L. Reeves (Santa Barbara, Calif.): I 
think Dr. Crandall’s paper is a most interesting 
one. The treatment of spinal fluid rhinorrhea is 
not simple and the decision as to when operation 
should or should not be performed remains con- 
troversial. I think that in the serious cases such as 
he has presented early operation is advisable. 

I was very much interested in the paper on elec- 
trical burns. It seems incredible that there is so 
little evidence of damage to the brain. I think the 
authors’ handling of these defects is very good. It 
seems to me that the use of acrylic or tantalum® 
plates in these skull defects, if done at all, certainly 
should be delayed until a good covering of the 
scalp is obtained, because if these artificial plates 
or methods are used on skin that is thin and not 
well supplied from a vascular point of view the 
plates do come out and are unsatisfactory. 

The fact that a person can sustain an electrical 
injury of this magnitude and still show so little 
permanent damage to the brain is, to me, difficult 
to understand. 

Joun E. Raar (Portland, Ore.): I would like 
to make a few comments on the paper by Drs. 
Gatewood and McCarthy, emphasizing the points 
which Dr. Reeves has already made. 

The handling of the patient who has sustained 
an electrical burn of the head presents a problem 
with many facets. So far as cerebral injury is 
concerned, the effect may be immediate or de- 
layed. Immediate damage comes from the thermal 
effect on the brain. Sometimes, however, a patient 
may go two or three days before neurologic mani- 
festations become apparent. The reason for this is 
that the heat sets up a thrombotic process in the 
vessels in the brain and this process may become 
progressive, so that widespread neurologic symp- 
toms develop some time after the burn has been 
sustained. 

‘The damage to the scalp and the skull also 
results in great problems. The skull may be dam- 
aged by a number of mechanisms. The charring 
effect of the original electrical burn may destroy 
the skull; interruption of the blood supply may 
devitalize a skull which was originally intact; and 
finally, if a skull is simply denuded of the soft 
tissue, sooner or later osteomyelitis will develop. 

Although I agree with the statement that the 
charring effect of the electrical burn seals off the 
tissue spaces and prevents infection for a while, 
any skull which is denuded will become infected; 
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and many times one cannot determine from inspec- 
tion of the surface of the skull whether infection 
lies in the diploé or underneath the skull. 

It seems to me, then, that as soon as it becomes 
apparent that the skull is destined to be denuded 
by destruction of the soft tissue, measures should 
be taken to produce a good bed of granulation tissue 
so that a graft will take. Burr holes can be placed 
in the outer table of the skull; and if bleeding 
occurs from the diploé, the chances are that granu- 
lations will form. If bleeding does not occur from 
the diploé, one might just as well remove both 
tables of the skull so that granulations can come 
from the dura. The earlier this is done, the more 
quickly one will obtain wound healing. 

Grafting of the cranial defect constitutes another 
problem which Dr. Reeves mentioned. Such a 
problem was present in one of our cases, that of a 
thirty-three year old man who was injured in 
March, 1953. This patient sustained a large elec- 
trical burn with loss of the scalp and injury to the 
skull. 

Burr holes were made in the outer table of the 
skull; however, it was noted that there was no 
bleeding from the diploé and therefore it was 
necessary to remove the full thickness of the skull 
down to the dura. By using full-thickness and split- 
thickness grafts, Dr. Leslie Nunn of Vancouver, 
Washington, was able to cover the exposed dura. 

The patient was insistent that the cranial defect 
be repaired. I was inclined to discourage him be- 
cause some of the skin covering the defect was very 
thin. I was afraid that where the split-thickness 
grafts had been applied reflection of the skin to 
expose the edges of the bone would result in loss of 
the skin again. The patient insisted, however, and 
we finally proceeded with repair of the skull with 
methyl methacrylate. 

At the present time the patient makes a very 
presentable appearance; he has a prosthesis for 


his arm and wears a toupe. He is being rehabili- 


tated to do office work rather than a lineman’s job. 

Just one comment regarding Dr. Crandall’s 
paper, and that is, I would like to recommend 
planography or laminography to visualize the 
defects in the skull at the base of the anterior fossa. 
Very often this method of taking x-rays will show 
the defect where plain x-rays will not. 

WILLARD Row .anp (Portland, Ore.): The paper 
by Drs. Bromberg and Walden is rather interesting 
to me inasmuch as we see a great deal of this same 
type of injury in our section of the country. 
Maxillofacial injuries in our area are somewhat 
different in distribution, and maybe it is due to the 
fact that more persons engage in fisticuffs in the 
area of the study than in this section. On the other 
hand, however, our logging industry, with its 


- slashing chains and flying cables, as well as the 


high-speed automobile, produces a great many 
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compound comminuted fractures of the middle 
and superior thirds of the faces 

We believe that in these instances early elevation 
of the maxillary segments is essential. We see a 
rather large percentage of persons who exhibit 
cerebrospinal rhinorrhea. Possibly 35 per cent of 
our patients have this drainage. The drag of the 
depressed maxillary segments quite naturally 
allows this drainage to continue and we do elevate 
the maxillary segment as early as possible, but we 
do not manipulate the nose itself. 

In like manner, we obtain x-rays for medicolegal 
reasons at as early a date as possible; however, 
we also see some of these injuries as much as two or 
three days after they have been incurred and con- 
sequently it is impossible to palpate or evaluate 
these accurately due to the edema. 

Although we recognize that the simple methods 
of repair are superior, it is sometimes impos- 
sible to use them in cases in which the patient is 
edentulous. 

We even go to the extent of returning to the 
scene of an accident at times in order to obtain a 
denture which has been broken, so that we can use 
it and mock up the absent part and lift the entire 
maxilla from the head cast. Unlike Dr. Blocker, we 
use this frequently and have found it fairly satis- 
factory. It can be adjusted. The Kirschner wires, 
demonstrated by Barrett Brown some years ago, 
are very effective in the lower edentulous mandible 
which has been comminuted. With elastic traction 
on these bars it helps restore occlusion. 

We did perform an open reduction in one case, 
at the posterior angle of the mandible. 

We likewise utilize the chin strap in the edentu- 
lous patient when we have no teeth to insert and 
use a modified Gunning splint. The Erich frame is 
very helpful. The nasal attachment is not often 
necessary but in one case we did use it. Ac- 
tually I do not find it nearly as satisfactory as 
packing. 

We believe oral antrotomy is very helpful and 
we utilize an iodoform pack rather than the rubber 
balloon. We always close the oral wound and then 
perform nasal antrotomy on completion of the 
procedure, so that this pack can be removed 
through the nose. This aiso gives us a permanent 
fistula with anatomic drainage for the chronic 
sinusitis which always ensues. 

J. P. Nortu (Dallas, Texas): I would like to 
comment briefly on Dr. Gatewood’s fine paper on 
electric burns. 

One of the points that should be emphasized is 
that it is very difficult for some time to determine 
the degree of destruction and devitalization of 
tissues, especially bone, in these electric burns. 
When one is dealing with destruction of portions 
of the skull, he wants to avoid unnecessarily wide 
débridements. It is therefore advisable to obtain 
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full-thickness coverage early and to wait until 
sequestration takes place. 

I would like to refer to a case which I presented 
before this society approximately six years ago, 
which illustrates this point. 

This man had an occipital burn with, ultimately, 
sequestration of almost the entire occipital bone 
down to the foramen magnum. We obtained early 
coverage of this dead bone by a method quite 
similar to Dr. Gatewood’s, using a bitemporal flap 
with an incision across the vertex of the skull in 
front of the superficial temporal arteries, and 
sliding the whole scalp and galea back to cover the 
occipital defect. 

Dr. Gatewood, you will recall, detached one flap 
and then turned it around to cover the occipital 
region. In this case we were able to retain the 
attachments of the flap on both sides and slid the 
scalp back, covering the forward portion with 
split-thickness skin. 

One other point is that traumatic cataracts 
appearing late are quite common sequelae of these 
electric burns. This man had bilateral cataracts. He 
had very little residual damage to the brain, 
although initially the injury was quite severe. 

Joun E. Courtney (Omaha, Neb.): I have very 
little to add to the discussion of Drs. Gatewood 
and McCarthy’s paper. In fact, I do not believe 
that many of us have had much experience in 
managing the severe electrical burn because most 
of these patients die at the initial shock. 

What interested me most were the final results. 
They did not seem to be too greatly altered with 
some delay in treatment. I also found the successful 
coverage of interest, even when both plates of the 
skull are involved. I think this paper will be a 
ready, valuable reference. i 

BerTRAM E. BromBerc (closing): I think it is 
essential at this point to discuss a technic which 
will convey our feelings concerning the grotesque 
head cap apparatus—the most outmoded form of 
therapy in this type of fracture. This is a hangover 
from the days of the dentists who were unable to 
make an incision and who therefore devised these 
complex non-operative methods. I would like to 
show how it is done by wires supported from 
different parts of the skull.* 

The arch bars are put upon the upper and lower 
teeth, and the proper vertical intermaxillary 
dimension can be determined immediately. When 
we encounter a floating maxilla in an edentulous 
case, we make an acrylic plate and wire it in by 
cable wire suspensions to the lateral orbital rims. 
In the case referred to here, there is direct bone 
wiring across the frontozygomatic suture to hold 
the malar compound fracture, yet we still use the 
upper hole and thread a No. 25 stainless steel wire 


* Dr. Bromberg illustrated his discussion with a slide. 
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through the cheek and into the buccal surface. In 
this manner the maxilla is suspended from the 
skull, which is a firm point. If the malar compound 
is intact, we can use the infraorbital margin as a 
holding point; but there is never any need to 
resort to anything which will be difficult for the 
patient to keep clean or which will involve pins 
sticking out which can be knocked off when the 
patient turns. 

I think that suspending the maxilla from the 
skull with wires which travel within the tissues 
protects them and eliminates the cumbersome 
appliances on the head. In addition, in the case 
in point we have direct bone wiring across the 
nasal infraorbital margin. We often have direct 
bone wires on the mandible. 

There are two cases left today in which one 
might want to use the head cap appliance. That is, 
perhaps, when there is an old fracture of the man- 
dible with osteomyelitis and you want to maintain 
some sort of position. In order to do that you put a 
pin far away from the point of infection. 

Also, possibly, we could use the head cap with 
pins in the ascending ramus, thus giving stability 


in association with the direct bone-wiring technic, 
in the case of a mandibular bone graft running 
from angle to angle where we cannot wire around 
the bone graft. 

Paut H. Cranpa tt (closing): I should like to 
thank the discussers for their comments on my 
material. Also, I should like to call to the attention 
of the maxillofacial surgeons the important in- 
cidence of rhinorrhea in their cases. 

Joun W. Gatewoop (closing): I certainly agree 
with Dr. Raaf that if one knows how much of the 
bone will be involved, it certainly should be 
removed. I proceeded very cautiously in our case 
because I had not had a great deal of experience 
with this type of burn. 

In regard to the fact that so many of these pa- 
tients die, I would like to re-emphasize our state- 
ment given in the paper: In 1912 Jellinek claimed 
that in most cases the patient only seemed to be 
dead from electric shock. He claimed that victims 
suffered from temporary respiratory paralysis; and 
if the blood were kept properly oxygenated until 
the irritability of the nervous system returned, 
most of these patients would recover. 
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The Conservative Management of 
Traumatic Hemothorax 


James V. Matoney, Jr., M.p., Los Angeles, California 


From the Department of Surgery, University of California 
Medical Center, Los Angeles, California, and the Depart- 


ment of Surgery, Jobns Hopkins Hospital, Baltimore, 
Maryland. 


ao of blood in the pleural space 
is a common complication of thoracic 
trauma in civilian and military medicine. A 
historical review of the treatment of this con- 
dition indicates that each major war is accom- 
panied by radical changes in the methods of 
treatment employed. Recent interest in trau- 
matic hemothorax concerns the relative merits 
of operative versus non-operative therapy, 
immediate versus delayed aspiration, thoracen- 
tesis versus catheter drainage, and enzymatic 
versus surgical decortication. An evaluation of 
these methods of therapy in a series of patients 
treated for hemothorax in a civilian hospital 
will be presented herein. 

In military medicine the question of the 
operative control of a bleeding hemothorax 
was formerly moot, since the patient had usu- 
ally either ceased to bleed or was exsanguinated 
by the time he reached medical care. During 
the Korean war, as in civilian practice, the 
patient frequently reached the hospital within 
thirty minutes of injury. The decision regarding 
care of active bleeding in such cases is real. 
Since World War 1, there has been a reluctance 
to aspirate fluid blood from the pleural space 
for fear of adversely altering cardiopulmonary 
dynamics and reinitiating bleeding. For this 
reason it has been recommended for many 
years that only cautious aspiration of pleural 
blood be done and the removed fluid be re- 
placed with air [1]. Although recent military [2] 
and civilian [3,4] experience suggests that early 
and complete aspiration of pleural blood is indi- 
cated, the most recently published texts on 
thoracic surgery [5-7] recommend against the 
early and complete evacuation of the pleural 
space. 


In this paper these controversial points of 
view will be evaluated in the light of the experi- 
ence in a large metropolitan hospital. 


CLINICAL MATERIAL 


For the purpose of this review, experience 
with traumatic hemothorax over a four-year 
period was selected. By restricting the analysis 
to those patients treated more than four years 
ago, it was possible to obtain a long follow-up 
on many cases, since a number of these patients 
subsequently had chest roentgenograms for 
survey purposes or for incidental diseases. 
Sixty-six patients were indexed during this 
four-year period as having hemothorax of 
traumatic origin. A number of patients whose 
roentgenograms were lost or destroyed were 
eliminated from the series. Forty patients had 
a follow-up chest roentgenogram, ranging from 
one day to seven years after injury (average 
of nineteen weeks). The etiology of the hemo- 
thoraces was as follows: stab wound, twenty; 
gunshot wound, seven; postoperative compli- 
cation, ten; and miscellaneous, three. In addi- 
tion to these consecutive cases, selected cases 
with a more limited follow-up are included 
from more recent experience. 

Method of Treatment. The patients in this 
series usually arrived in the hospital emergency 
room ten to thirty minutes following wounding. 
Most of the stab wounds and a high percentage 
of the gunshot wounds were in Negro males. 
Surprisingly, most of the patients were ambu- 
lant on arrival. 

A standardized method of therapy for acute 
thoracic trauma has been adopted. Perforating 
thoracic injuries, whether or not the patients 
are in cardiac or respiratory distress, are given 
precedence over other emergency cases. The 
patient is taken immediately to a fluoroscopic 
table in a room designed for treatment of this 
type of injury. The house staff surgeon dons 
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semi-opaque glasses and, during the three 
minutes required for adequate dark adaptation, 
notes the character of the pulse and the percus- 
sion note in each hemithorax. Diagnostic 
fluoroscopy is then performed with the patient 
in a supine position. The presence of air or fluid 
in the pleural space is searched for, and particu- 
lar note is made of the size, shape and pulsa- 
tions of the cardiac silhouette. If no disorder 
is noted and the patient’s condition is satis- 
factory, an erect chest film is taken, since a 
small hemothorax (500 ml.) or pneumothorax 
is easily missed by fluoroscopic examination. 
If shock is due to cardiac tamponade, the non- 
operative aspiration treatment described by 
Ravitch and Blalock [8] is employed. If the 
condition of the patient is satisfactory and the 
4 hemothorax minimal to moderate, needle 
aspiration of all readily available blood is done 
immediately. Repeated fluoroscopic and x-ray 
examinations. at brief intervals are used to 
detect continued hemorrhage. 

The treatment of the patient in shock due 
to massive hemothorax is more urgent. Imme- 
diately after the diagnosis is made, a No. 20 
French drainage tube is inserted through a 
thoracotomy trocar and connected to water- 
ie seal drainage. The release of fluid and air may 
- give some relief from cardiorespiratory distress, 
but usually little improvement ensues until 
massive blood replacement is given. The 
amount of drainage from the thoracotomy tube 
and the clinical condition of the patient serve 
as excellent guides to blood volume replace- 
ment. In the moribund, pulseless patient, a 
No. 15 cannula is immediately inserted in the 
long saphenous vein at the ankle. Fluid replace- 
ment may be carried out at the rate of 200 cc. 
per minute through such a cut-down. In past 
years we have employed autotransfusion, 
collecting the blood from the thoracic cavity 
in ordinary donor bottles and pumping it into 
the saphenous cut-down. On one occasion, 
microscopic examination of blood collected in a 
citrate bottle from the thoracic cavity showed 
microscopic agglutination of red cells. Since 
that time we have preferred using 5 per cent 
Be t dextran solution to tide the patient over the 

first ten minutes until typed and cross matched 
blood was available. Continued massive bleed- 
ott ing is considered an indication for emergency 
i surgery, but in actual practice this is rarely 
necessary. Most patients with injury to major 
vascular structures have exsanguination in the 
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interval between wounding and admission to 
the hospital; those who reach medical care 
usually have a self-limited type of bleeding. 
Nevertheless, the operating room is prepared 
for emergency surgery whenever hemothorax or 
hemopericardium is diagnosed on fluoroscopy. 


TABLE I - 

Estimated Volume (ml.) No. of Cases 
500 8 
500-800 10 
800-1,100 4 

1,100 18 


Patients having a minimal hemothorax 
unaccompanied by pneumothorax are observed 
for twelve to twenty-four hours in the emer- 
gency room and discharged. Those having 
larger collections of pleural blood or those 
complicated by pulmonary air leak are ad- 
mitted to the hospital ward. 


RESULTS 


The severity of the hemothorax was esti- 
mated at the time of the present review by 
examination of the x-ray films in each case. 
The extent of the hemothorax in these forty 
cases is indicated in Table 1. 

The degree of clearing of the hemothorax 
was estimated on the basis of the last follow-up 
chest film. Many of the follow-up films were 
routine survey films that were taken for dis- 
eases unrelated to the earlier injury. An essen- 
tially normal chest film was considered to 
represent “‘100 per cent clearing.” If only 
one-half of the hemothorax had resolved by 
the time of the last chest film; clearing was 
indicated as “50 per cent.” The results are 
presented in Table 11. These figures indicate 
that hemothorax secondary to stab wound is a 
relatively innocuous condition. There was little 
tendency for the intrapleural blood to clot, and 
many patients were discharged from the hos- 
pital within twelve hours for follow-up as 
outpatients. Gunshot wounds were, in gen- 
eral, accompanied by pulmonary parenchymal 
hematoma, and resolution was more de- 
layed. Postoperative hemothorax underwent 
early clotting, and resolution was much less 
satisfactory. 

The fact that there was residual clouding of 
the chest film (e.g., average 4 per cent for stab 
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wounds, 21 per cent for gunshot wounds) 
should not be taken to indicate permanent 
residual pathology. Rather, it indicates that 
some patients were considered well enough for 
discharge without further follow-up prior to 
100 per cent clearing of the chest film. In fact, 


TABLE II 
RESULTS OF NON-OPERATIVE TREATMENT 
N Average | Average 
°- | Follow- | Clear- 
Etiology of 
Pee up ing 
(wk.) (%) 
20 37 96 
Miscellaneous............ 3 II 100 
Postoperative complication.| 10 5 66 


there was no single case of stab or gunshot 
wound followed up for more than twelve weeks 
which failed to show a completely normal chest 
film. In none of the thirty cases due to causes 
other than operation was enzymatic or surgical 
decortication necessary. | 

Postoperative Hemothorax. Hemothorax fol- 
lowing thoracotomy represented the most 
difficult therapeutic problem in this series. 
The blood clotted shortly after the hemothorax 
occurred and, despite continuous thoracotomy 
tube drainage from the time of operation, large 
amounts of clotted blood developed in the 
pleural space. The average duration of fol- 
low-up in these cases was five weeks; at the 
end of this time the average estimated clearing 
of the chest film was only 66 per cent. The 
average result was poor despite the fact that 
eight of the ten patients had either enzymatic 
or surgical decortication. (Table 111.) 

The occurrence of empyema in one of the 
five patients treated with enzymatic débride- 
ment is worthy of note. We have had the mis- 
fortune to see empyema develop with enzyme 
therapy in cases other than those in this 
consecutive series. This experience is in keeping 
with that of Hopkins, Van Fleit and Salamone 
[9] who noted a 16 per cent incidence of 
empyema with the use of enzymes. One patient 
died following surgical decortication. This 
patient underwent resection of a coarctation 
of the aorta and had a continuous slow ooze of 
blood from the thoracotomy tube for several 
days following operation. Complete blood 


studies failed to show abnormalities in the 
clotting mechanism. Surgical decortication was 
performed in the third postoperative week. 
A slow, continuous ooze of blood from the chest 
developed despite an apparently normal clot- 
ting mechanism. Death from exsanguination 


TABLE III 
RESULTS OF ENZYMATIC AND SURGICAL DECORTICATION: 
POSTOPERATIVE CASES* 


No. of Cases Treatment Results 
3 Tube drainage | Good, 2 
Poor, 1 

5 Streptokinase- | Satisfactory, 3 


streptodornase | Unsuccessful (later 
decortication), 1 
Empyema, 1 


3 Surgical decor- | Satisfactory, 1 
tication Fair, 1 
Death, 1 


* One of the eleven cases is listed in both the enzy- 
matic and surgical decortication groups. 


occurred despite massive transfusions. Al- 
though the mortality of surgical decortication 
in healthy individuals is probably in the region 
of 1 per cent, this experience calls to mind that 
any surgical operation, no matter how benign, 
carries with it a definite risk of morbidity and 
mortality. 


COMMENTS 


These clinical data offer support to those 
surgeons [3,4] who recommend immediate 
aspiration of pleural blood. We agree that early 
aspiration or drainage tends to restore cardio- 
respiratory function to normal, prevents the 
development of tension in the thorax, and is an 
excellent method for detecting continued bleed- 
ing. There is little to support the contention 
that the aspiration of pleural blood will re- 
initiate hemorrhage. This is apparently based 
on the fear that removal of blood will increase 
negative pleural pressure and dislodge the 
clot from the offending vessel. Reference to 
the pressure-volume diagram of the lung and 
thorax [10] indicates that the pleural pressure 
change resulting from the aspiration of 1,000 
ml. of blood is insignificant compared to the 
hydrostatic pressure within the bleeding ves- 
sels. The fear of dislodging a clot is, therefore, 
not based on sound physiologic grounds. The 
delay of aspiration for twenty-four to forty 
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Fic. 1. A, purulent hemothorax following attempted enzymatic débridement in a twenty year old 
girl. B, same case. Excellent result following surgical decortication. 


hours, so frequently recommended, obscures 
the presence of active bleeding and increases 
the chance of clotted hemothorax. 

Conservative Therapy. The development of 
methods for surgical and enzymatic decortica- 
tion of clotted hemothorax represents a major 
advance in thoracic surgery. Many patients 
have been spared the deformity and loss of 
pulmonary function’ caused by fibrothorax 
which may result from a clotted hemothorax. 
On the other hand, these technics, like any 
other surgical procedure, have an inherent risk 
of morbidity and mortality. These risks, al- 
though small, are illustrated by the preceding 
cases as well as by those reported in the litera- 
ture. For this reason, we have more recently 
been inclined to approach the treatment of 
clotted hemothorax with some degree of 
conservatism. 

The organization and fibrous replacement of 
clotted pleural blood may produce a significant 
loss of pulmonary function, yet the body has 
remarkable powers to absorb large amounts of 
blood from the pleural cavity without sig- 
nificant residual effect. 

Figure 1 illustrates an excellent result follow- 
ing surgical decortication for a hemothorax of 
long standing. Figures 2 and 3 demonstrate 
long term results of treatment by watchful 
waiting rather than by enzymatic or surgical 


decortication. Figure 2 is of particular interest. 
Approximately 50 per cent of this patient’s 
right hemithorax was obliterated by clotted 
hemothorax following a right-sided’ Blalock 
operation. (Fig. 2A.) Because of the patient’s 
postoperative condition and the presence of a 
bleeding diathesis so frequently accompanying 
cyanotic congenital heart disease, it was 
elected not to perform pulmonary decortica- 
tion. Three months later (Fig. 2B), organiza- 
tion of the blood produced contraction of the 
hemithorax, narrowing of interspaces and some 
degree of scoliosis. Despite these early changes, 
a chest film taken one year later showed com- 
plete re-expansion of the lung and an essen- 
tially normal chest film. (Fig. 2C.) 

As more experience is gained with conserva- 
tive therapy, more extensive use is made of the 
policy of watchful waiting. If the follow-up 
period is sufficiently long, the surgeon will be 
rewarded in many cases by complete clearing | 
of the chest film. 

In retrospect, it would have been most inter- 
esting to correlate changes in pulmonary func- 
tion with the spontaneous clearing of the chest 
roentgenogram in these cases. Forsee, Kylar 
and Blake [11] have reported pulmonary func- 
tion studies (maximal breathing capacity and 
bronchospirometrically determined distribu- 
tion of ventilation, oxygen consumption and 
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Fic. 2A and B. A, clotted hemothorax following Blalock operation for tetralogy of Fallot in a 
ten-year old girl. B, same case. Three months later, there is contraction of the hemithorax, narrow- 


ing of interspaces and scoliosis. 


vital capacity) before and after pulmonary 
decortication for clotted hemothorax. It is 
most important to note that a major operative 
procedure resulted in an average improvement 
in the various tests of only 7 per cent. This 
figure is well within the variation shown by 
normal individuals of a given age, sex and size. 
In fairness, it should be pointed out that cal- 
culation of such an average figure fails to show 
that a number of individual patients showed 
striking improvement. On the other hand, our 
own calculation of this average figure of 7 per 
cent conceals the fact that 27 per cent of the 
determinations showed either no change or a 
loss of function as the result of pulmonary 
decortication. It is apparent, therefore, that 
the available objective evidence on which we 
can base a consideration of pulmonary function 
as an indication for decortication for hemo- 
thorax is disappointing. 

Patton, Watson and Gaensler [12] performed 
pulmonary function studies on fourteen pa- 
tients (most of whom had tuberculosis) before 
and after pulmonary decortication. They were 
able to correlate functional improvement with 
the degree of parenchymal disease. Ten patients 
with little parenchymal involvement showed a 
mean increase of 47 per cent in maximal 
breathing capacity; four patients with more 
extensive disease showed a mean decrease of 
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Fic. 2C. Same case as Figure 2B. One year later, 
chest roentgenogram is normal. 


6 per cent following operation. The one patient 
in this series with traumatic hemothorax 
showed a 14 per cent gain in maximal breathing 
capacity following surgery. 

The present series of cases, unfortunately, 
contributes no information regarding the func- 
tional results with conservative management. 
The fact that all patients with perforating 
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Fic. 3. A, pulmonary hematoma and clotted hemothorax secondary to gunshot wound. B, same 
case. One and a half years later, the hemothorax is completely resolved. 


wounds followed up for more than twelve 
weeks showed a perfectly normal chest film 
and the fact that they were all spared the loss 
of function which follows simple thoracotomy 
[13] make us optimistic regarding functional 
results. 

There can be little doubt that pulmonary 
decortication is, and will continue to be, a 
valuable operation for the treatment of empy- 
ema, unexpanded pneumothorax and selected 
cases of hemothorax. The technical ease of the 
procedure and the restoration of the chest film 
to normal give this operation a special appeal 
to the mechanical and esthetic senses of the 
surgeon. He is, therefore, tempted to operate 
six weeks following injury when decortication 
is easiest and when the offending shadow of 
clotted blood represents the only remaining 
disorder. 

The present discussion calls attention to the 
remarkable resorptive powers of the pleura, 
points out the morbidity and often disappoint- 
ing functional results with surgery, and em- 
phasizes the importance of a trial of conserva- 
tive management. 


SUMMARY 


A series of forty cases of traumatic hemo- 
thorax is presented. The immediate and late 
therapy of these cases is discussed. The follow- 
ing conclusions are drawn: (1) Immediate 
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aspiration of pleural blood by thoracentesis or 
closed catheter drainage is recommended. The 
advantages of the immediate over delayed 
aspiration include the detection of continued 
bleeding and the prevention of clotted hemo- 
thorax. The fear of reinitiating bleeding by 
early aspiration is unfounded. (2) Postoperative 
hemothorax, in comparison with hemothorax 
due to thoracic injuries, is more likely to clot 
and represents a more difficult therapeutic 
problem. (3) The treatment of hemothorax by 
surgical or enzymatic decortication has an in- 
herent, although small, risk of morbidity and 
mortality. (4) In selected cases, satisfactory 
spontaneous resolution of clotted hemothorax 
will occur without significant residual damage. 
(5) Surgical decortication will remain a valu- 
able method for the treatment of clotted 
hemothorax when the conservative method of 
treatment is not applicable. 
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The Treatment of Crushing Injuries to the 
Chest (Methods Old and New) 
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— survival of the patient with a severely 
crushed chest depends on the prompt appli- 
cation of treatment which will restore the 
patient to physiologic balance. This treatment 
includes the rapid control of shock and hemor- 
rhage, establishment of a clear airway, man- 
agement of the chest wounds, drainage of the 
pleural cavity and stabilization of the chest 
wall by traction, thoracotomy or the use of 
the newer methods of mechanical ventilation. 
During the past half century the pioneers in 
thoracic surgery have gradually eliminated the 
physiologic pandemonium long associated with 
wounds of the chest. Well established prin- 
ciples of treatment are now available. Reduc- 
tion of mortality from wounds of the chest has 
been aided by the availability of blood and 
electrolyte solutions, advances in the methods 
of thoracic anesthesia and, more recently, the 
control of infections by antibiotics. Working 
against these factors which tend to reduce 
mortality has been the appalling increase in 
serious injuries to the chest caused by the 
steady and inevitable increase in speed and 
congestion on highways. Serious thoracic in- 
juries carry a mortality of 20 per cent or more, 
as reported by various investigators [1-27]. A 
recent survey by the Indiana State Highway 
Safety Patrol indicated that approximately 
25 per cent of their traffic deaths were due to 
injuries to the chest [22]. 


EMERGENCY TREATMENT 


The first consideration on admission of a 
patient with a seriously crushed chest is the 
immediate establishment of life-saving meas- 
ures. Of equal urgency are: the establishment 
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of an adequate airway, treatment of shock and 
decompression of hemopneumothoraxes. All 
must be treated simultaneously. As soon as a 
needle has been placed in a vein and blood 
withdrawn for transfusion cross matching, 
plasma or plasma expander can be started. An 
adequate airway must be immediately estab- 
lished and maintained. Transnasal tracheal 
catheter aspiration as described by Haight 
[23,24] can be used for suction of accumulated 
secretions. This does not insure an adequate 
airway in a badly injured patient. These pa- 
tients should be quickly mtubated with an 
endotracheal rubber tube or bronchoscope. 
The patients can then be freely aspirated and 
oxygen administered under positive pressure 
if necessary. Tracheotomy can be performed 
over the endotracheal tube which can then be 
withdrawn from the mouth and replaced in 
the tracheostomy wound. Carter and Giuseffi 
[25,26] have reported the distinct advantages 
of immediate tracheotomy in the management 
of crushing injuries to the chest. The benefits, 
beside making the tracheobronchial tree readily 
accessible for aspiration, include the elimina- 
tion of a portion of the tidal air (dead space) of 
the nasopharynx. This procedure allows an 
increase of 100 to 150 cc. of oxygenated air into 
the lungs with each breath. There is also a 
diminished resistance to the inspired and éx- 
pired air, with diminution of the paradoxic 
motion of the unstable thoracic wall. The 
extent of possible hemo- and/or pneumothorax 
should now be evaluated by an upright portable 
x-ray film of the chest. The x-ray should always 
be taken with the patient in the upright posi- 
tion, as the interpretation depends on the air- 
fluid level produced. The entire future course 
of the patient’s treatment may depend on the 
accurate evaluation of this x-ray or of serial 
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x-rays taken in this manner in the course of 
treatment. Needle and syringe decompression 
of the pleural cavities can be carried out but is 
usually inadequate or must be repeated at fre- 
quent intervals. It is far better to maintain 
continuous intrapleural drainage by the inser- 
tion of large bore, thick-walled, rubber tubes 
connected to a water-seal drainage bottle. Two 
drainage tubes are usually employed. One 
should be placed in the middle or posterior 
axillary line of the seventh intercostal space, 
to lie in the posterior gutter in order to drain 
accumulations of fluid in this region. A second 
tube is put in the mid-clavicular line at the 
inframammary level to allow the drainage of 
accumulations of air anteriorly. (Fig. 1.) If 
multiple lacerations of the lung are present 
which lead to progressive pneumothorax or 
eS subcutaneous emphysema, a thoracic suction 
pump can be attached to the exhaust opening 
of the water-seal bottle to assist the evacuation 
of accumulated air. The immediate physiologic 
imbalances should now be under control, and 
further evaluation and treatment carried out. 
Frequent aspirations of the trachea must be 
4 done to prevent atelectasis and pneumonitis. 
Paravertebral block can be carried out to 
relieve painful splitting of the respiratory 
muscles due to fractures of ribs [76]. Procaine 
or the longer-acting local anesthetics may be 
used and repeated as necessary. Continuous 
intrathoracic bleeding may be found because 
of a necessity for repeated blood transfusions 
to maintain adequate blood pressure, con- 
tinuous drainage of blood into the water-seal 
bottle, or evidence on upright chest films of a 
rising fluid level or the increasing opaque 
shadow of a clotted hemothorax. Uncontrolled 
bleeding after the restoration of blood volume 
requires emergency thoracotomy and control 
of the bleeding points. Wounds in the lung 
: parenchyma rarely cause serious hemorrhage. 
Re Continuous bleeding following injury to the 
chest is usually due to a laceration of the inter- 
costal or internal mammary arteries. Uncon- 

_trollable air leaks from the drainage tubes in 

the chest and progressive mediastinal emphy- 
sema often suggest a ruptured bronchus or 
trachea. This along with « » !othorax, cardiac 
tamponade and rupture of 1 esophagus or 
diaphragm often demands sur, _ .i intervention 
once the aforementioned emergency procedures 
have been instituted. Acute gastric dilatation 
can always be expected with serious injuries; 
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therefore the institution of gastric suction 
should be routine in all cases. 


MANAGEMENT OF MULTIPLE RIB FRACTURES AND 
PARADOXIC RESPIRATION 


Softening of the bony thorax due to multiple 
fractures of the ribs allows paradoxic motion 


Fic. 1. Intrapleural water-seal drainage. Large bore, 
thick-walled, multiple fenestrated rubber tubes placed 
anteriorly and posteriorly. 


of the chest wall with pendulation of air be- 
tween the two lungs, with very little tidal 
ventilation. Decreased ventilation leads to and 
aggravates hypoxia and hypercarbia, pul- 
monary edema, atelectasis, pneumonitis and 
depression of the respiratory center. All of 
these factors compound one another and lead 
to death. Adequate ventilation alone can break 
this vicious cycle of events. Efforts to improve 
ventilation must be rapidly instituted. In the 
past, the major attention of treatment has 
been focused on the external stabilization of 
the chest wall to relieve paradoxic motion and 
to improve ventilation indirectly. More re- 
cently we have found that if adequate ventila- 
tion is provided for the patient by a mechanical 
respirator, the paradoxic motion is relieved 
and external stabilization of the chest wall is 
unnecessary. In the emergency room paradoxic 
respiration can be reduced by exerting pressure 
on the bony segments with the outstretched 
hands, sand bagging [21,27], adhesive strap- 
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Fic. 2. Stainless steel pins inserted under pectoralis major and serratus anterior 


fascia for Hudson traction. (From: Hupson, T. R., McEtvenny, R. T. and 
Heap, J. R. Chest wall stabilization by soft tissue traction. J. A. M. A., 156: 


768, 1954.) 


Fic. 3. Hudson traction with spreader bows attached. (From: Hupson, T. R., 
McE.venny, R. T. and Heap, J. R. Chest wall stabilization by soft tissue 


traction. J. A. M. A., 156: 768, 1954.) 


ping [28,29] or by turning the patient on his 
injured side [30]. Minor or moderate degrees of 
chest wall instability due to fractures of ribs, 
sternum or costochondral separations can 
usually be controlled by external traction 
methods. These traction methods include 
wires [27,31], towel clips or a similar instru- 
ment [21]. Various types of hooks may be 
screwed into the sternum for support, such as 
corkscrews [32], coat hanger hooks [31], cup 
hooks [33], etc. Our group has usually preferred 
the soft tissue traction method of Hudson [34]. 
Long metal pins are passed under the pectoralis 
and serratus anterior muscles on either side of 
the chest. (Fig. 2.) Spreader bows are attached 
and traction is applied to an overhead frame. 
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(Fig. 3.) This method has the advantage of 
quick and easy application. Also, the pins do 
not enter the pleural cavity, and therefore the 
danger of damage to the lung or intercostal 
vessels is eliminated. 


THORACOTOMY AND INTERNAL FIXATION OF 
RIB FRACTURES 


Recently a number of surgeons have advo- 
cated thoracotomy under local or general anes- 
thesia for internal fixation of multiple trau- 
matic fractures of the ribs [9,35]. Thoracic 
surgeons have used various methods of internal 
fixation following elective thoracotomies. These 
methods include drilling holes in the ends of 
sectioned ribs and securing them with silk 
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Fic. 4. Jensen apparatus. Positive pressure oxygen delivered on demand for 
assisted ventilation. (From: JENSEN, N. K. Recovery of pulmonary function 
after crushing injuries of the chest. Dis. of Chest, 22: 319, 1952.) 


ligatures [36], intramedullary pegging with 
autogenous rib pegs [37], and the mortise and 
suture fixation [38]..Since 1950 we have used 
intramedullary rib pegs made of acrylic plastic 
to produce a stable thorax following thoracot- 
omy and transection of ribs. This plastic peg is 
non-reactive in tissues and can be shaped to 
fit the soft medulla of the rib without slipping. 

For the stabilization of the flail chest, Cole- 
man and Coleman [g] in 1950 recommended 
intramedullary pegging and wire fixation. In 
1956 Crutcher and Nolan [35] recommended 
the use of intramedullary Rush nails. The 
authors stated the following advantages: better 
stability of the chest wall than with traction, 
less pain, better anatomic approximation of rib 
fragments, exploration and aspiration of the 
pleural space during surgery, and quicker 
ambulation of the patient. This type of treat- 
ment should be of particular advantage espe- 
cially when thoracotomy is necessary for the 
control of hemorrhage or the repair of other 
damaged internal organs. 


ASSISTED VENTILATION 


During World War 1 the value of assisted 
ventilation was first realized in crushing 
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injuries to the chest. Positive pressure oxygen 
was given by face mask or by endotracheal tube 
connected to an oxygen bag. As emergency 
therapy a Drinker respirator was sometimes 
used in the transportation of patients with this 
injury [15]. The value of this type of treatment, 
however, was not fully appreciated. In 1951 
Jensen [39] observed the beneficial results of 
positive pressure oxygen therapy during the 
emergency phase of treatment, and realized 
that this therapy must be continued until the 
flail chest had healed. He devised a simple 
apparatus to deliver positive pressure oxygen 
through a tracheostomy tube. (Fig. 4.) He 
found that adequate gas exchange could often 
be maintained when there was a 4 cm. water 
pressure differential between inspiration and 
expiration. Paradoxic motion was relieved when 
the intratracheal pressure remained above 
atmospheric pressure on inspiration and would 
rise to the 4 cm. of water above atmospheric 
pressure on expiration. We have used Jensen’s 
apparatus with good results on patients who 
had active respiratory movements and when 
there is no associated damage to the brain. 
This type of assisted ventilation depends on 
the patient’s voluntary respiratory efforts. 
Demand flow respirators such as this are not 
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Fic. 5. Mérch respirator connected to tracheostomy 
tube. Passive mechanical ventilation maintained with 
no paradoxic motion of the chest. (From: Avery, E. E., 
M6rcu, E. T. and Benson, D. W. Critically crushed 
chests. J. Thoracic Surg., 32: 291, 1956.) 


adequate for many of the more serious injuries 
to the chest because damage to the lungs, 
muscles, nerves and brain may obviate the 
patient’s ability to “‘demand.” This same 
criticism holds true for the use of skeletal or 
soft tissue traction, or thoracotomy with 
internal fixation of the fractured ribs. Again, 
stabilization of the chest wall alone does not 
mean the patient will necessarily have the 
ability or the physical strength and endurance 
after a serious injury to maintain adequate 
ventilation. This fact became evident in 1954 
when a critically crushed patient was brought 
to the hospital by one of us. (R. J. B.) [40]. The 
man had been rolled, like clay on a potter’s 
wheel, into an 8 inch space between a locomo- 
tive and an industrial furnace. As his body was 
reduced to a cylinder the diameter of this 
space, he suffered critical injuries to his thorax 
and abdomen. His rib cage was literally pul- 


~ verized. Emergency treatment, outlined here- 


tofore, was quickly carried out and proved 
life saving. The patient began to fail, however, 
because extensive destruction of the lungs, pul- 
monary edema and damage to bones, muscles 
and brain prevented adequate ventilation. 


A piston-type intermittent positive pressure — 


respirator developed by Mérch [41] was then 
applied. As soon as the patient reached a 
state of respiratory alkalosis, due to the 
mechanical hyperventilation, spontaneous res- 
pirations ceased; and with this there was a loss 
of all paradoxic motion. (Fig. 5.) Lung inflation 
and deflation was mechanically maintained 
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rhythmically and smoothly, with loss of all 
overriding and grinding motions of the broken 
rib ends. Mechanical hyperventilation was 
maintained for thirty days until the patient 
regained his ability to breathe without. the 
assistance of the machine. The patient was dis- 
charged from the hospital and has since re- 
turned to his same occupation without apparent 
pulmonary dysfunction. Because this man sur- 
vived a seemingly hopeless injury by the use 
of this new method of mechanical hyper- 
ventilation, we have applied these same prin- 
ciples of management in a number of cases of 
severely crushed chests and combined injuries 
to the head and chest with equally good results. 


PROLONGED HYPERVENTILATION THERAPY BY 
MECHANICAL RESPIRATOR 


The use of prolonged mechanical hyper- 
ventilation to produce alkalotic apnea as treat- 
ment in crushing injuries to the chest was first 
recorded by our group [40,42,43]. 

Mechanical hyperventilation stops the para- 
doxic motion of the chest wall. (Fig. 6.) As 
soon as the patient is rendered apneic by slight 
hyperventilation, all voluntary respiratory 
muscle action stops and respiration is carried 
on passively by the action of the automatic 
respirator. In this way the alternating positive 
and negative pressures produced within the 
thorax by active muscular efforts, which result 
in paradoxic motion of the chest wall, have now 
been replaced by a fluctuating positive pressure 
produced by the machine. The only rib motion 
is in their normal arcs while they passively ride 
on the lungs as they gently, and passively, 
expand and contract. All paradoxic motion of 
the broken ribs is stopped by what we have 
termed “‘internal pneumatic stabilization.” 

Hyperventilation produces apnea because 
carbon dioxide is removed from the lungs and 
the blood. In this way the main stimulus to the 
respiratory center is removed and active 
respiration ceases. Hypoxia and hypercarbia, 
having previously aggravated pulmonary and 
cerebral edema, are now corrected and this 
trend reversed. The vicious cycle of events 
often leading to death is thus broken simply 
by adequate alveolar ventilation. The irrational 
thrashing of the suffocating patient disappears. 
The patient will rest and sleep for long intervals 
when well ventilated. If sufficient carbon 
dioxide is removed, a mild sedative effect has 


J 
4 
4 
> . 
a 
q 
| 
>. 
iis 
: 
+4 
| iz 
| 
| 
i 
as 
nes 
4 ave 
| 
x 
4 
4" 


Crushing Injuries to Chest 


4 
/ 
/ 750 


A. ACTIVE INSPIRATION 


PASSIVE EXPIRATION 
( mechanical ) 


Fic. 6. A and B illustrate pressure relationships with active voluntary respira- 
tory efforts causing paradoxic motion of chest wall, and overriding and grind- 
ing at rib ends. C and D illustrate passive (mechanical) ventilation. Chest wall 
and ribs ride passively up and down in their own arcs as the lung gently inflates 
and deflates. All paradoxic motion with overriding and grinding of broken rib 
ends is stopped by this “internal pneumatic stabilization.” (From: Avery, 
E. E., Mércu, E. T. and Benson, D. W. Critically crushed chests. J. Thoracic 
Surg., 32: 291, 1956.) 


been found. Any necessary sedatives may be _ usual respiratory efforts, this energy may now 
given as desired, for the time-honored fear of _ be diverted to other vital needs of the body. 

depression of the respiratory center has been The “active hyperventilation syndrome” 
obviated by the continuous mechanical ventila- [44] as seen in hysteria, voluntary hyperventi- 
tion. Because the patient is now spared his lation, and metabolic acidosis have not been 
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Fic. 7. Mérch piston respirator connected to plastic check-valve and swiveled tracheotomy tube. 
(From: Mércu, E. T., Avery, E. E. and Benson, D. W. Hyperventilation in the treatment of 


crushing injuries of the chest—problems in pulmonary physiology and pathology. 41st Clinical 
Congress of the American College of Surgeons. S. Forum, 6: 270, 1955.) 


found in our patients in passive mechanical 
hyperventilation for periods of more than a 
month. 

No significant circulatory defects have been 
produced by prolonged intermittent positive 
pressure insufflation when the pressures have 
the correct amplitude, timing and mean pres- 
sure [45-53]. Blood chemistries have been 
carefully studied in animals and humans 
placed in mild respiratory alkalosis, and these 
studies have revealed no serious deviations in 
pH, CO: and electrolyte balance. 


MORCH PISTON-TYPE RESPIRATOR [40,43] 


Various demand flow and pressure-cycled 
respirators have been tried by us. As previously 
mentioned, the demand flow respirators may 
be inadequate because of a patient’s lack of 
ability to “demand.” Because of the con- 
stantly varying resistances within the tracheo- 
bronchial tree, pressure-cycled ventilators are 
difficult to adjust. For this reason we have 
found the Mérch piston-type respirator to be 
particularly adaptable for the treatment of 
patients with severe injuries to the chest be- 
cause this respirator has a constant stroke 
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volume. (Fig. 7.) This stroke volume is adjust- 
able from o to 3,600 cc. Fresh air or oxygen 
mixture is pumped through a humidifier to 
the tracheostomy. A specially designed check- 
valve is interposed in the system near the 
tracheostomy tube so that exhalation takes 
place as soon as the desired stroke volume has 
been delivered to the lungs. The apparatus is 
durably constructed so that we have had no 
mechanical failures. A hand bellows has been 
incorporated in the machine so that ventilation 
can be carried out in case of electrical power 
failure or when transporting the patient. 

The air from the Mérch respirator is deliv- 
ered through an uncuffed tracheostomy tube. 
(Fig. 8.) The cuffed tube has many serious 
disadvantages such as pressure necrosis, bac- 
terial ulceration, etc. The uncuffed tracheos- 
tomy method of ventilation developed by 
Mérch has proved satisfactory if a high 
stroke volume respirator is used, which will 
allow one to compensate for the leaks thus 
produced [54]. We have used it routinely. It 
has been used continuously as long as eighteen 
months in cases of poliomyelitis. The leak 
around the tube and up through the larynx has 
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Fic. 8. Uncuffed tracheostomy tube delivers adequate ventilation if respirator 
stroke volume is sufficient to compensate for laryngeal leak. The leak around 
the tube toward the larynx prevents secretions from entering the trachea. 
(From: M6rcu, E. T., Saxton, G. A., Jr. and Gisn, G. Artificial respiration 
by the uncuffed tracheostomy tube. J. A. M. A., 160: 864, 1956.) 


proved desirable to prevent excessive pressures 
in the lungs and to stop secretions from enter- 
ing the trachea by blowing them toward the 
mouth where they are easily accessible to the 
nursing staff. The Mérch respirator is easily 
adjusted by balancing the stroke volume and 
rate of respiration against the patient’s 
tracheobronchial resistance and pulmonary 
compliance. The alveolar CO; tension is lowered 
just to the point to render the patient apneic. 
Because the respiratory center is extremely 
sensitive to changes in CO, tension, we can 
use this delicate monitoring system of the brain 
to regulate the machine so as to keep the pa- 
tient just at the borderline of apnea. If there 
is associated damage to the brain, the proper 
ventilation level of the machine must be regu- 
lated by serial pH and CO, determinations. 


TRACHEOSTOMY REQUIRES DILIGENT AND 
CONTINUOUS NURSING CARE 


The Chevelier Jackson tracheostomy tube 
has been modified by Mérch with two swivel 
joints so that the patient may move his head 
without impingement of the tube on the 
trachea [55]. A screw cap allows access for 
suction without actually disconnecting the 
attached tubing from the respirator. Proper 
humidity can usually be maintained by filling 
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the humidifier in the respirator with 5 per cent 
alcohol-water solution. Additional humidity 
can be used by inserting a positive pressure 
nebulizer in the system. In some cases dis- 
tilled water will be sufficient for the aerosol. 
In other cases with thick mucus and crusts, 
diluted alevaire® (1:4) may be used as a 
detergent. Occasionally diluted tryptar® en- 
zyme digestant may be necessary. Tracheo- 
bronchial suctioning must be carried out as 
often as necessary to keep the airway free of 
secretions. In some cases this may be as often 
as every fifteen to thirty minutes. To prevent 
additional contamination of the airway, a 
sterile catheter should be used for aspiration. 
The coudé curved-tip catheter is the easiest to 
insert in both the right and left bronchus by 
merely turning the tip in the correct directions. 
Cultures and antibiotic sensitivities are taken 
on bronchial secretions at appropriate intervals 
in order to determine effective antibiotics to 
be used parenterally and topically to inhibit 
tracheobronchial and pulmonary infections. 


SUMMARY AND CONCLUSIONS 


1. The methods of treatment of crushing 
injuries to the chest have been discussed. 

2. The emergency phase of treatment, in- 
cluding the control of shock, establishment 
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of a clear airway and drainage of pneumo- 
hemothoraxes, has been outlined. Indications 
and methods are given for stabilization of the 
chest wall by traction, thoracotomy and inter- 
nal fixation of ribs, and the use of the newer 
methods of mechanical ventilation. 

3. It has been concluded that minor to 
moderate degrees of paradoxic motion of the 
chest wall can be controlled by external trac- 
tion or internal fixation of the ribs providing 
the patient can carry on adequate volun- 
tary respiratory efforts to maintain proper 
ventilation. 

4. Prolonged mechanical hyperventilation 
therapy is necessary for the more serious 
injuries to the chest when extensive damage 
to the lungs, muscles, nerves and brain prevent 
the patient from maintaining active respiratory 
efforts with adequate ventilation. 
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Tracheotomy— Then What? 


RicHARD L. Rapport, M.D., J. P. RAHM, M.D. AND GEORGE Curry, M.D., Flint, Michigan 


From the Section for the Surgery of Trauma, Hurley 
Hospital, Flint, Michigan. 
was described as early as 
124 B.c. and is said to have been done first 
by Brassavola in 1546. It was not until early 
in the nineteenth century, however, that its 
use became common. Early: uses were for 
diphtheria, quinsy, inflammation of the floor 
of the mouth, foreign bodies, obstruction of 
the larynx due to knife and gunshot wounds 
and for drowned persons [1]. 

For the next hundred years the most com- 
mon indication continued to be for obstruction 
due to diphtheria. Others included acute 
laryngeal or pharyngeal obstructions caused 
by foreign bodies, infection or local trauma; 
chronic obstructive lesions caused by tumors; 
congenital abnormalities of the pharynx or 
upper trachea, thyroid, neck, tongue and 
mandible; and poliomyelitis [2-7]. Recently 
the indications have been extended. It is now 
considered practical for use in severe injuries 
to the head [6,8—11]; crushing injuries to the 
chest [6,11~—13]; postoperative complications of 
thoracoplasty [8,11], pulmonary resection [8,17], 
thyroid [8,14,15], brain [8,9,11] and abdominal 
surgery [8]; prolonged comatose conditions due 
to cerebral vascular accidents [6,10,11], meta- 
bolic upsets [6], barbiturate or food poisoning 
[6], encephalitis [10] and meningitis [10]; cere- 
bral aneurysm [ro] and for paralytic states 
following injury to the cervical and upper 
thoracic spine [11]. Patients with eclampsia [16] 
and tetanus [10] have also had tracheotomies, 
and instances of its use in botulism [17] and 
aortic aneurysm [18] have been reported. 

In the past this operation has been considered 
an emergency procedure for acute respiratory 
obstruction above the laryngotracheal junction 
or for chronic conditions such as carcinoma of 
the larynx and pharynx which cause airway 
obstruction [8]. Recently it has been recog- 
nized as a valuable surgical procedure which 
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should be done long before the emergency has 
been reached [19]. One should err on the side of 
too many and too early tracheotomies rather 
than too few and too late [20]. 

The rationale for tracheotomy in airway 
obstruction due to intrinsic or extrinsic occlu- 
sion is apparent. Its use in trauma, especially 
in severe injuries to the chest or craniocere- 
brum, is more obscure. According to Carter 
and Giuseffi, certain factors operate to reduce 
the respiratory reserve in patients with severe 
injuries to the chest [12]. These include 
paradoxic motion of the chest wall; short, rapid 
respiration associated with pain and appre- 
hension; diminished respiratory motion be- 
cause of pain;_and copious tracheobronchial 
secretions which may result immediately from 
parenchymal injury or develop later in the 
traumatic wet lung syndrome. Hemothorax, 
pneumothorax and injury to the pulmonary 
parenchyma also reduce respiratory reserve. 
Tracheotomy reduces paradoxic motion, alle- 
viates pain by decreasing movement of the 
fractured ribs and provides a method for 
aspiration. The dead air space is reduced by 
approximately 100 cc., and respiration is 
facilitated since three-fourths of the resistance 
is located above the point of tracheotomy. 

Echols et al. explain that patients who are 
comatose from injuries to the head are in 
danger of respiratory obstruction from accumu- 
lation of secretions [10]. This causes labored 
respiration which leads to elevation of venous 
and, thus, of intracranial pressure. Obstruction 
also causes hypoxia and hypercapnia. Vaso- 
dilatation results and the cerebral vessels 
become permeable to fluids and electrolytes. 
Cerebral edema develops, and bleeding is 
encouraged from vessels already damaged by 
cerebral trauma. This further elevates the 
intracranial pressure which in time depresses 
the medullary respiratory center and leads to 
accentuation of the airway deficiency. In this 
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manner a vicious cycle is established. Trache- 
otomy provides an adequate airway, makes the 
respiratory efforts less labored, reduces the 
increased intrathoracic pressure and breaks 
the cycle. It is obvious that “when head and 


chest trauma are concomitant, tracheotomy 
is doubly indicated [9].” 


TRAuMA 
NON-TRAUMA 


35 


1955 


Fic. 1. One hundred fifty-nine tracheotomies (Hurley 


Hospital, 1946 through 1955). 


During the years 1946 through 1955, 159 
tracheotomies were performed at Hurley 
Hospital. (Fig. 1.) Of these, fifty-nine were indi- 
cated for non-traumatic conditions. Through 
1951 we averaged only three a year. In 1952 an 
epidemic of poliomyelitis accounted for twenty- 
eight of thirty-eight tracheotomies. During the 
final three years of this report we have become 
much more alert to performing tracheotomies 
in the seriously injured person. In that period 
we averaged thirty-seven tracheotomies per 
year, 80 per cent of which were performed on 


- the Trauma Service. 


The indications for tracheotomy are clear. 
The beneficial results obtained from its early 
judicious use cannot be denied. Complications 
such as infections, pneumothorax, subcutane- 
ous or mediastinal emphysema, hemorrhage 
and bronchial occlusion by the tube are rare 
and, if recognized, do not present a serious 
problem. 

We contend, however, that the surgical 
procedure of tracheotomy is but the first step 
in what should be a well planned and carefully 
executed course of therapy. Once tracheotomy 
is performed, the problems have just begun. 


ALTERNATE METHODS 


Although we emphasize the need for trache- 
otomies, we are well aware that alternate 
methods often suffice. These simpler methods 
should be used more frequently. We commonl, 
use nasotracheal aspiration [21]. There is no 
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question about the effectiveness of this proce- 
dure, if performed correctly. Bronchoscopy is a 
second alternative and is often resorted to, 
particularly when there is obstruction of the 
left bronchus. Endotracheal tubes have also 
been used in the comatose patient. In many 
patients all methods have been used to provide 
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Fic. 2. Time at which tracheotomy was performed. 


an adequate airway. An excellent discussion of 
the indications for each has been given by 
Samson and Brewer [22]. 


WHEN SHOULD TRACHEOTOMY BE PERFORMED? 


Tracheotomy should be performed when first 
considered. Delay of even several hours may 
endanger the patient’s life. In our series, 33 per 
cent were performed on admission while 64 per 
cent were done during the first twelve hours. 
(Fig. 2). Delays of six days or more were due 
to late development of complications such as 
pneumonitis, atelectasis, mediastinitis and 
tetanus. One patient aspirated tube feedings 
long after admission and four others received 
prophylactic tracheotomies preceding delayed 
mandibular surgery. 


PREPARATION OF THE PATIENT 


Unless the patient is psychologically pre- 
pared, tracheotomy may cause serious mental 
trauma. We are surprised how often the 
attending physician explains to the patient 
simply, “‘We are going to put a silver tube in 
your windpipe.” In our review of the literature 
we failed to find this aspect mentioned. De- 
tailed explanation should be given the conscious 
patie’ t as to why tracheotomy is to be per- 
formed and the necessity for aspiration. Above 
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all, he should be told that his voice will be lost 
temporarily and he will be able to speak by 
placing a finger over the tracheotomy opening. 
This should be demonstrated following the 
operative procedure. 


OPERATION 


Where Performed. Except in cases of true 
emergency, tracheotomy should be performed 
in the operating room. Some of the factors 
which make this operation technically difficult 
if performed in the patient’s room include 
inadequate lighting, crowded conditions, care- 
less draping, lack of assistance and inadequate 
facilities for managing complications. 

Positioning of the Patient. A sandbag or 
folded blanket should be placed beneath the 
patient’s shoulders so that the neck is extended. 
Care should be taken to position the chin in 
the midline. Careless positioning makes for a 
difficult operation. 

The Incision. It is immaterial whether the 
incision is longitudinal or transverse. The 
longitudinal incision somewhat facilitates the 
procedure [23,24], but we do not hesitate to use 
the transverse incision if we are especially 
anxious to avoid an unsightly scar. 

Position of the Trachea. The position of the 
trachea should be carefully evaluated pre- 
operatively by physical examination and by 
roentgenography. We recently arrived on the 
scene of an emergency tracheotomy and found 
an incision made into a large, calcified thyroid 
nodule which was readily palpable and apparent 
on the preoperative chest film. The operator 
was unable to insert a tracheotomy tube into 
the thyroid nodule and could not understand 
his predicament. The trachea was deviated 
4 cm. to the left of the midline. 

The Set. Tracheotomy sets require constant 
inspection and revision since instruments seem 
to disappear readily. Before the incision is 
made, the operator should ascertain that suc- 
tion is available and that all instruments are 
at hand, including the appropriately sized 
tracheotomy tube. 

Size of the Tracheotomy Tube. A trache- 
otomy tube of appropriate length should be 
selected. A short tube is difficult to maintain in 
position while a long one may encroach on the 
carina and obstruct a main bronchus, espe- 
cially in infants [25]. It is important that the 
tracheotomy tube have a large lumen. The 
largest possible tube should always be utilized 


to accommodate suction tubing of an adequate 
diameter [23]. It is our practice to excise a small 
segment of the cartilage so that a larger tube 
may be inserted without difficulty. 


ADJUNCTIVE MEDICATION 


Oxygen. Oxygen should never be used 
routinely. It is a drying agent and tends to 
make secretions thick and more difficult to 
aspirate [26]. In most instances when trache- 
otomy is indicated, respiratory difficulties are 
not due to oxygen deficiency. Hypoxia, if 
present, is secondary to other causes and may 
be rectified by the tracheotomy. 

The Secretions. Although the use of atropine 
has been suggested to dry and to reduce secre- 
tions, we believe that this is contraindicated. 
Conversely, efforts should be made to liquefy 
secretions so that they may be readily aspi- 
rated. In the conscious patient who is able to 
swallow, hydriodic acid, 1 dr. four times a day, 


and in the unconscious patient, sodium iodide, 


I gm. intravenously twice a day, are used as 
expectorants [27]. We are impressed by the 
efficacy of detergents given by aerosol. In 
addition to liquefying the secretions, they tend 
to make the patient breathe more deeply and 
to precipitate cough. Aerosolized proteolytic 
enzymes have also been used effectively [28,29]. 
Humidification by steam is less efficient, but 
worth while. 

Bronchodilators. Bronchospasm may be 
present, especially if traumatic wet lung has 
complicated the situation. The bronchodilators, 
therefore, should be used judiciously. 

Opiates. Opiates should be avoided after 
tracheotomy so that the cough reflex is not 
depressed. While suction is effective in clearing 
the major bronchi, cough is essential to bring 
secretions within reach of the aspirating 
catheter. Intercostal nerve block should be 
substituted for opiates whenever possible. 

Antibiotics. These should be used as indi- 
cated, both systemically and by aerosol. 


ASPIRATION 


Trained Personnel. It is essential that 
personnel be thoroughly trained in the technic 
of aspiration. Patients have been lost because 
of mucous plugs occluding the tube while spe- 
cial nurses stood in attendance at the bedside | 
|23]. Nothing is more futile than aspiration 
1 inch within the tracheotomy opening. Super- 
vision must be constant by both the house and 
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attending staff, and the training program must 
be continuous. 

Type of Catheter. The aspirating catheter 
tends to fall into the right main bronchus since 
this is a direct continuation of the trachea. It is 
more difficult to catheterize the left main 
bronchus. For this reason we recommend the 
coudé catheter which, because of its curved tip, 
can be directed toward the right or left. The 
individual bronchi can usually be aspirated 
separately by turning the patient’s chin go de- 
grees away from the side to be catheterized [30]. 

Care of the Catheter. The catheter, when not 
in use, should remain in a solution of aqueous 
zephiran® It is common to note carelessness in 
handling the catheter on the wards. Personal 
hygiene and the hazards of bacterial cross 
contamination are ignored by many attendants 
[30]. The catheter should always be moistened 
before use to avoid undue trauma. 

Safety Valve on the Suction Apparatus. It is 
our habit to introduce a Y-tube into the aspi- 
rating system so that the vacuum can be 
released immediately by finger tip control. 
With continuous suction it is possible to aspi- 
rate bronchial mucosa and cause mucosal tears 
or lacerations. An excellent discussion of this 
type of “regulated pressure” is given in a 
recent paper by Plum and Dunning [30]. 

Frequency of Aspiration. There is no routine 
for the frequency of aspiration. Some patients 
require aspiration several times an hour, others 
only several times a day. If patients are care- 
fully instructed, many will ask to be aspirated 
when needed. Some can be taught to aspirate 
themselves. 

Tubing. Soft rubber tubing should never 
be used anywhere in the suction system since 
collapsed tubing is worthless. Moreover, when 
the collapse is relieved in the absence of “‘regu- 
lated pressure,” increased vacuum to dangerous 
levels may result. 

Care and Removal of the Tube. The inner 
cannula should always be inserted following 
introduction of the tracheotomy tube. It 
should be removed and cleansed as necessary 
in order to prevent encrustations and plugs. 

Following establishment of a tract at the end 
of three days, the entire tube should be re- 
moved and replaced daily [20,24]. This is but 
a further precaution to avoid occlusion by dried 
secretions. 

When the time for extubation approaches we 
perfer replacement of the tracheotomy tube 
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Fic. 3. Photograph of suction equipment posted at 
bedside of each patient with a tracheotomy. Note 
Y-tube regulated suction, coudé catheter with curved 
tip and aqueous zephiran for storage of catheter when 
not in use. 


with progressively smaller ones, rather than 
trial occlusion. This prevents the false observa- 
tion that corking is not tolerated since a large 
tube may fill the trachea and obstruct the 
airway. The smallest tube may then be corked 
before final removal [23,25]. 


TRACHEOSTOMAL PLUGS 


Metallic tracheotomy tubes act as foreign 
bodies, and when utilized for long periods of 
time often stimulate bronchorrhea. Plum and 
Dunning have suggested substitution of teflon 
tracheostomal plugs as early as possible in 
convalescence. These may be replaced by 
tracheotomy tubes for suction as necessary [30]. 


TRACHEOTOMY WARD 


We have established a special ward for the 
care of tracheotomized patients. Wall suction 
and oxygen are available, but most impor- 
tantly the ward is managed by specially 
trained nurses, for the tracheotomy is only as 
good as the care it receives. The nurse should 
be in attendance at all times. We deplore the 
current tendency for overspecialization of 
nurses, but believe that the average nurse, 
unless specially trained, is not equipped to care 
for tracheotomies. The tracheotomy ward 
under specialized supervision overcomes this 


difficulty. 
TEACHING PROGRAM 


It is essential that the teaching program be 
directed toward student and graduate nurses, 
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interns, residents and attending staff. Teaching 
programs should be continuous and repetitious. 
Special efforts should be made to utilize pa- 
tients with tracheotomies for teaching pur- 
poses. Since it is difficult for untrained per- 
sonnel to visualize the effects of tracheotomy 
aspiration, we have designed a model of the 
tracheobronchial tree which we are trying to 
reproduce in clear, hollow plastic. Students can 
then visualize the aspirating tip directed into 
both main bronchi and learn the technic for 
effective aspiration. 


BEDSIDE INSTRUCTIONS 


For supplementation of the training program 
and for assurance of more adequate trache- 
otomy care, instructions are placed at the 
bedside of each patient. These include a dia- 
gram of suction equipment indicating the 
coudé catheter in zephiran when not in use 
and showing the Y-tube regulated pressure 


Fic. 4. X-ray posted at bedside of each patient with a tracheotomy. This indicates method of inserting the cathe- 
ter by position of the head, and suggests a technic for aspiration. (Adapted from Plum and Dunning [3o].) 
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(Fig. 3), and a diagram indicating the method 
of inserting the catheter by position of the head 
(Fig. 4), as well as a list of the following sugges- 
tions: (1) Use opiates only when absolutely 
necessary. (2) Encourage liquid secretions with 
expectorants, aerosol detergents and aerosol 
proteolytic enzymes. (3) Aspirate gently while 
removing catheter and rotating it 360 degrees. 
(4) Aspirate as indicated. Avoid unnecessary 
aspiration. (s) Maintain catheter in aqueous 
zephiran to avoid contamination. (6) Use a 
coudé catheter only. (7) Use the largest 
catheter which can be accommodated by the 
tracheotomy tube. (8) Be certain that a Y-tube 
is in the system. (9) Aspirate the bronchi 
separately by directing the coudé catheter to 
each side with the head turned go degrees 
toward the opposite side. (10) The patient 
may talk if he (or the attendant) occludes 
the tracheotomy opening with the finger. (11) 
Use hard rubber tubing since soft tubing may 
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collapse and eliminate the negative pressure. 
(12) After the third day the tracheotomy tube 
should be replaced daily by a member of the 
house or attending staff. 


SUMMARY 


In recent years the indications for trache- 
otomy have been extended so that this is now 
a commonly performed procedure. Difficulties 
arise not so much from when and how to per- 
form a tracheotomy as from inadequate care 
once the operation has been performed. We 
have discussed the errors commonly made and 
have suggested methods to improve the man- 
agement of patients with tracheotomies. 
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DISCUSSION OF PAPERS BY DRS. MALONEY; 
AVERY, HEAD, HUDSON AND BENNETT; AND 
RAPPORT, RAHM AND CURRY 


RicHarp J. BENNETT, JR. (closing): The case 
which we presented was beyond all doubt a very 
extreme one. We will always be grateful that the 
Mérch respirator was made available to us. I 
understand it was originally developed at the 
University of Chicago through a grant from the 
Air Force. Because Dr. Avery knew of the research 
work being done the machine was made available, 
although it had not yet been approved nor put on 
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the market. As can be seen from the results we 
obtained, it was certainly necessary. 

In addition to having twenty-one of his twenty- 
four ribs broken, this patient also had a fractured 
clavicle and pelvis. His treatment created a prob- 
lem during the two weeks when he was uncon- 
scious. It was necessary to examine the abdomen 
several times a day and observe the blood coming 
from the bladder, which I am sure was caused by 
an injury to the kidneys. Tubes were inserted in 
the rectum and stomach, and intravenous fluids 
were carefully administered. 

Again, I would like to acknowledge the Mérch 
respirator which I am sure was the difference be- 
tween success and failure in this patient. 

I believe this machine is manufactured by D. 
Mueller and Company of Chicago. 

Cuartes G. Jounston (Detroit, Mich.): There 
is very little that Dr. Rapport et al. have not 
covered in their paper on tracheotomy. I would 
like to add that the use of tracheotomy in any 
unconscious patient who will require care over a 
long period is exceedingly important, because | 
know of no good way to be sure that these patients 
are going to breathe and continue breathing, and 
receive adequate oxygenation. 

I think one fact was pointed out that is rather 
important, probably most important: performing 
tracheotomy upon a patient does not solve his 
problem. Just as many difficulties can develop from 
continuous aspiration. I have seen patients aspi- 
rate through the trachea by the jamming down 
of a catheter when I wondered about the trauma 
to the trachea itself. I am so glad it was pointed out 
that aspiration must be done with a great deal 
of care. 

We perform tracheotomy quite routinely on 
patients with skull fractures who are unconscious 
for any length of time. On the other hand, I think 
this can be overdone, and I am sure that set up as a 
routine it will be overdone. It is not a simple 
process one can forget about, as has been indi- 
cated, and all patients do not require it merely 
because they have a fracture of the skull or injury 
to the face or chest. 

I am very much intrigued with the paper by 
Dr. Bennett et al. This is an excellent presentation, 
an addition to the armamentarium of the surgeon 
who treats these crushing injuries to the chest. 

Tracheotomy, in addition to supportive meas- 
ures, has helped us a great deal and seems to be an 
adjunct that will be of great help, especially in 
severe injuries to the chest wall. Here again, I doubt 
if it is necessary in instances of minor injuries to 
the chest. 

In relation to Dr. Maloney’s paper on clotted 
hemothorax, there was a great deal of discussion 
about this problem last year. The facet was 
presented then that these patients should be ex- 


plored when seen. Apparently this year the idea 
is that we merely employ aspiration; it depends on 
how one views the problem. Actually, each case 
should be individualized. We have tried all meth- 
ods, using no treatment if there is no respiratory 
difficulty. Most of these patients will absorb the 
clot in time; some will not. We have left others 
alone only to find out suddenly that they had Iost 
great amounts of blood. 

The insertion of a tube in the chest is not an 
indication at any time of the amount of bleeding 
(just because you can observe the blood being lost). 
If indications dictate, it is better to operate upon 
a severely injured patient in whom the extent of 
damage to the chest cannot be determined, than 
to try to gage how much fluid is present either by 
x-ray or by the amount coming through the tube. 

One cannot presume that bleeding will stop in 
these patients. Therefore, each case must be 
individualized. Any method which is set up for 
the care of all will probably create a problem in 
individual cases. ; 

I was interested to learn that Dr. Maloney’s 
results with streptokinase have been equally as 
bad as ours. Our experience indicates that many 
of these patients get into difficulties which cause 
death (one death in five is considerable). Of five 
patients treated with streptokinase, three had 
poor results and two apparently had satisfactory 
results. 

Our incidence of satisfactory results, taking into 
consideration the amount of fever, discomfort and 
complications which occurred with the administra- 
tion of streptokinase, has prompted us to dis- 
continue its use. 

FREDERICK REICHERT (San Francisco, Calif.): 
Concerning blood in the chest, years ago I tried 
to produce a subdural hematoma in dogs. I put 
liquid blood under the dura, which remained a 
liquid and was: absorbed. I traumatized a brain and 
a blood clot developed which remained. Therefore, a 
subdural hematoma had been produced. 

Some time ago we placed some liquid blood in a 
chest and it was absorbed. I then traumatized the 
pulmonary cortex; this resulted in clotted blood 
which would not absorb. 

When a patient has a large blood clot in the 
chest as Di. Johnston says, it should be removed. 

James V. MAtoney, Jr. (closing): I think our 
data in relation to gunshot wounds, which trauma- 
tize the underlying Iung very severely, were much 
poorer than in the other cases of trauma. This 
supports Dr. Reichert’s point of view. 

I also agree with Dr. Johnston’s statement that 
the cases must be individualized. During this 
series of forty consecutive cases, none required 
operation. However, both before that time and 
subsequently, we had other patients who con- 
tinued to bleed and required operation. 
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The arguments that one presents for and against 
operation are only as good as the number of cases 
and the clinical results that one can present to 
support them. 

Epwarp E. Avery (closing): I would like to 
close our presentation by stating that the Mérch 
respirator is finding wide use in other types of cases 
besides crushing injuries to the chest. Brain sur- 
geons are using it in injuries to the head and after 
brain surgery when trauma or cerebral edema 
depresses the respiratory center. Many of these 
patients recover if they can be carried through 
this period of ventilatory insufficiency. 

Patients with cerebrovascular accidents also 
might survive if we provided respiration auto- 
matically for them until the effect of the thrombus 
decreased and the edema reduced. 

Transtracheal intermittent positive pressure 
respirators have been used for periods of over a year 
to maintain patients with bulbar poliomyelitis. 
Besides providing excellent ventilation, the method 
allows free access to the tracheobronchial tree for 
aspiration and makes nursing care much easier 


because of the small size and portability of the 
apparatus. 


Patients with tetanus, myasthenia gravis and 
barbiturate and opiate poisoning have been suc- 
cessfully carried through critical periods on the 
mechanical respirator. Thoracic surgeons have 
been using assisted mechanical ventilation on pa-, 
tients with pulmonary insufficiency to allow sur- 
vival following pulmonary resection. 

Experimentally, we are studying the application 
of this method in cases of coronary thrombosis. 
Patients with extensive muscle damage might live 
if the heart was relieved of the necessity and 
energy of the breathing process. We also believe 
that premature infants with fetal atelectasis could 
live if we could hyperventilate whatever normal 
lung tissue was present: thus the supported 
ventilation might allow immature lung tissue to 
grow and aerate. 

The authors hope that this discussion will stimu- 
late wide application of supportive mechanical 
ventilation. 
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Myocardial Contusion 


Harry W. Hate, JR., M.D. AND J. WALTER Martin, M.D., Buffalo, New York 


From the Department of Surgery, Edward J. Meyer 
Memorial Hospital, and the University of Buffalo, 
Buffalo, New York. 


pee to the heart due to penetrating 
wounds constitute a spectacular group of 
lesions that have received considerable atten- 
tion from surgeons, particularly during and 
following World War 1. However, there is 
another group of injuries to the heart asso- 
ciated with closed chest injuries which are 
probably much more common and yet have 
received relatively little attention in the surgi- 
cal literature and probably are often not 
recognized. 

Myocardial contusion was apparently first 
recognized nearly two centuries ago, but there 
were few reports of closed cardiac injuries in 
the next 150 years [1]. Most of these reports 
dealt with fatal lesions, and not until recent 
years was attention called to the cardiac in- 
juries resulting from closed chest trauma which 
were compatible with life [2,3]. 

We are indebted to Kissane [1,4], Bright and 
Beck [5], Osborn [6] and Leinoff [7] for descrip- 
tions of the pathologic lesions of the heart due 
to closed trauma; and to Beck [8], and Moritz 
and Atkins [9] for experimental studies on the 
effects of blunt trauma to the heart in dogs. 
The electrocardiographic changes associated 
with these injuries have been described in clini- 
cal studies [4] and in animal experiments [5, ro]. 

The heart hangs freely in the chest cage and 
is suspended from one end. It is thereby sub- 
ject to injury by a number of mechanisms other 


than from penetrating trauma. Sudden acceler- - 


ations or decelerations of the chest may cause 
the heart to be thrust against the chest wall, 
injuring the heart muscle or tearing the peri- 
cardium or great vessels. The heart may be 
injured by compression between the sternum 
and vertebral column when the former is 
suddenly driven in by a forceful blow as in the 
“steering wheel” type of injury. The heart 
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may be subjected to damaging force by sudden 
violent increases in intrathoracic pressure 
which may produce valvular tears, subendo- 
cardial hemorrhages or actual rupture of the 


heart wall. All of these mechanisms may be 


active with or without actual fractures of the 
chest wall. 

A wide variety of pathologic lesions may 
occur in the heart and its associated structures 
as a result of closed trauma. The force may be 
of such a degree and type as to cause immediate 
rupture of the heart wall. Tears of the heart 
valves or papillary muscles may occur. Rents 
of various sizes may be produced in the 
pericardium. 

The types of pathologic lesions that may be 
properly classified under the heading of myo- 
cardial contusion are considerably varied in 
extent and nature. The simplest are small areas 
of petechiae or ecchymoses which may be sub- 
endocardial or subepicardial. Such areas may 
be larger in size and extend into the muscle 
substance. If the area of involvement is larger, 
edema, disruption of muscle fibers and necrosis 
of muscle may be present. Such areas may 
extend through the full thickness of the heart 
muscle. These areas undergo softening and 
infiltration with inflammatory cells and even- 
tually heal by scar formation. In the later 
stages they resemble very closely areas of 
myocardial infarction due to coronary occlu- 
sion. Actual thrombosis of a coronary artery 
may be precipitated by trauma, producing a 
typical infarction. Furthermore, these areas of 
full-thickness involvement are subject to the 
same complications as are areas of myocardial 
infarction, in that rupture of the softened area 
may occur seven to fourteen days after injury 
or larger areas may result in myocardial in- 
sufficiency or develop aneurysmal dilatation. 
Many of these lesions, both mild and severe, 
are accompanied by bloody pericardial effusion 
and pericarditis. 
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Myocardial Contusion 


TABLE I 


Case 


Age 
(yr.) 


Mechanism 
of Injury 


Duration in 
Hospital 


(days) 


Physical Signs 


Symptoms 


Other Injuries 


Electrocardiographic 
Changes 


30 


Steering 
wheel 


Blood pressure, 


118/80; pulse, 108 


Precordial pain 


Multiple abrasions 


Inverted T waves in lead 1 
and precordial leads; 
elevation of ST-T seg- 
ment in lead m1; EKG 
changes started to return 
to normal in 10 days 


2! 


Jumped from 
a window 


37 


Blood pressure, 


124/80; pulse, 110 


Pain in left chest 


Abrasions 


T-wave inversion in leads 
u and w1; AVF, Vs and 
Ve gradually returned to 
normal in 11 wk. 


30 


Automobile 
accident 


20 


Blood pressure, 


140/80; pulse, 108 


No complaints 


Fractured mandible; 
cerebral concussion 


Admission EKG showed 
T wave inversion in lead 
and flattening in aVL. 
and Vi; 10 days after 
admission EKG showed 
inversion of T wave in 
Ve-s and elevation of 
ST-T segment in V2 


32 


Steering 
wheel 


Blood pressure, 
118/68; pulse, 95 


Pain in left chest 


Single fractured ribs 
bilaterally 


Admission EKG showed 
inversion of T wave in 
Va; 9 days later EKG 
showed depression of 
ST-T segment in lead 111 
and AVF and elevation 
of ST-T segment in aVL; 
still not normal in 1 yr. 


59 


Steering 
wheel 


42 


Blood pressure, 
140/90; pulse, 84; 
sternal tenderness 


Pain in left chest 


Multiple bilateral 
fractured ribs 


1 degree A-V block with 
flattening of T waves 
across precordium; 1 yr. 
later —T waves normal; 
1 degree A-V block 


remained 


vi 


35 


Steering 
wheel 


32 


Blood pressure, 
80/60; pulse, 140 


Pain in left chest 


Fractures of right 
femur, tibia, fibula 
and humerus 


Elevation of ST-T seg- 
ment in V4-6 with flat- 
tening of T wave in Vi 


vil 


59 


Steering 
wheel 


26 


Blood pressure, 
120/70; pulse, 100 


Pain in left chest 
with breathing 


Fractured right ribs 
and fracture of left 
acetabulum 


Multiple premature ven- 
tricular beats; flattening 
of T waves across pre- 
cordium; normal in 11 
days 


63 


Fell from 


roof 


Blood pressure, 0/0; 
comatose 


None 


Bilateral Colles’ 
fractures; multiple 
fractured ribs 


None taken 


1x 


67 


‘Struck by 


automobile 


Blood pressure, 
85/0; pulse, 84; 
tenderness and 
spasm in left upper 
quadrant 


Pain in left lower 
chest 


Cerebral concussion; 
fractured nose 


Depression of ST-T seg- 
ments across precor- 
dium; normal in 11 days 


45 


Thrown 
from car 


27 


Blood pressure, 
130/70; pulse, 100 


Pain in left chest 
and retrosternum; 
dyspnea 


Left pneumothorax; 
multiple bilateral 
fractured ribs 


Flattening of T waves in 
lead 1, aVL, V:R and Vi; 
depression of ST-T seg- 
ment in lead mm and 
AVF; normal in 2 wk. 


xI 


85 


Struck by 
automobile 


Blood pressure, 
40/0; pulse, 120 


Pain in left anterior 
chest 


Fractured ribs on 
right; fractures of 
right tibia and 
femur 


ST-T segment depression 
in leads 1-11 and AVF; 
normal in 8 wk. 


Blunt injuries to the heart may produce 
arrhythmias without anatomic evidence of 
damage. For example, ventricular fibrillation 
and death may occur in the absence of any 


detectable lesion at autopsy. 
various types of irregularities have been pro- 


In animals 


duced by blunt trauma to the heart; these 
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fibrillation, and yet no anatomic disturbarice 
was found after sacrifice of the animal. 

The clinical picture of myocardial contusion 
depends somewhat on the extent and type of 
the lesion. The patient may complain of pre- 
cordial or substernal pain starting immediately 
or within a few hours after trauma to the chest. 
There may be radiation of the pain to the neck 
or arm. There is usually a marked tachycardia. 
The patient may be dyspneic and often ex- 
hibits hypotension. In the mild case any of 
these signs and symptoms may be absent or of 
a transient nature. In the more severe injury 
all the clinical features of a well developed 
myocardial infarction may be found. 

Electrocardiographic changes range from 
transient or longer lasting disturbances of 
rhythm through evidences of pericarditis and 
focal muscular damage to those seen with a 
typical myocardial infarction. 

In the past two years eleven patients have 
been seen in whom the diagnosis of myocardial 
contusion has been considered. (Table 1.) 
These patients were all subjected to severe 
trauma to the anterior chest, such as striking 
the steering wheel during a collision or falling 
from a considerable height. All complained of 
anterior chest pain shortly after injury and all 
except one (to be discussed later) showed 
electrocardiographic changes ranging from 
disturbances of rhythm to changes ordinarily 
associated with myocardial infarction. Some of 
these changes returned to normal in periods 
ranging from a few days to several weeks. 
Others have shown some improvement but 
retained abnormalities after several months’ 
observation. 

Four patients exhibited hypotension al- 
though one of these had several other severe 
injuries which were undoubtedly shock-pro- 
ducing factors. Seven patients had marked 
tachycardia which persisted for some time, 
although again it should be noted that several 
had other severe injuries which might have 
influenced the heart rate. 

Five of the patients in this series were under 
forty years of age, and none of the group gave 
any history to suggest previous heart disease. 

A few specific examples will serve to illus- 
trate certain points of importance. 


CASE REPORTS 


Case. This thirty year old white woman who 
had been in previously good health was admitted 


shortly after injury in an automobile accident in 
which she struck the steering wheel with her chest. 
On admission she complained of retrosternal pain 
and had tenderness over the sternum with no 
evidence of fracture of sternum or ribs. 

Several hours later she complaired of pain over 
the precordium. An electrocardiogram (Fig. i) 
showed evidence of inversion of the T wave in. 
lead 1 and all chest leads. The ST-T segment was 
elevated in lead 111. The blood pressure on the day 
of admission was 130/80, the pulse 85. On the sixth 
day the blood pressure was noted to be 90/60 for 
a period of several hours. She was treated with rest; 
her pain gradually subsided and the electrocardio- 
gram returned toward normal but still showed 
abnormalities after six weeks. This patient was 
transferred to another institution and follow-up 
was incomplete. 

This case illustrates a clear-cut instance of 
myocardial injury in a previously healthy young 
person. She suffered a moderately severe injury and 
may well have permanent residual damage. 


Case ul. This twenty-one year old man was 
injured when he jumped from a _ second-story 
window. He showed no definite evidence of injury 
at the time of admission. His blood pressure was 
110/70 and pulse was 80. He was admitted to the 
psychiatric service. The following day he com- 
plained of anterior chest pain. He was noted to 
have a tachycardia of 94 to 110 which persisted 
for several weeks. An electrocardiogram (Fig. 2) 
on the fourteenth day showed a sinus tachycardia 
with inverted T waves in leads u, 111, aVr, and 
chest leads 5 and 6. These changes persisted for 
several weeks and returned to normal in three and 
a half months. 

It is believed this case also represents a clear-cut 
example of myocardial contusion of a moderate 
degree in a previously healthy young man. 


Case vu. This sixty-three year old man was 
admitted to the hospital shortly after a fall from a 
roof. On admission he was comatose and his blood 
pressure was unobtainable. Examination revealed 
evidence of multiple bilateral rib fractures but no 
evidence of a flail chest. There was no evidence of 
injury to the head. He also had bilateral Colles’ 
fractures. There was no evidence of hemorrhage, 
and the chest remained clear. He received a trans- 
fusion of whole blood, and his blood pressure 
slowly rose. His sensorium cleared. He was dis- 
charged asymptomatic after eighteen days. No 
electrocardiogram was made in the hospital, and 
those made one month later were within normal 
limits. 

In spite of the lack of electrocardiographic evi- 
dence, it is believed that this man in all likelihood 
had a myocardial contusion. He is included in this 
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Myocardial Contusion 


Fic. 1. Case 1. Cardiac contusion. 
series not as a proved case but as an illustration 
of the type of patient in whom myocardial con- 
tusion must be suspected and electrocardiographic 
studies made in order to determine the diagnosis. 
Serial studies should be made, if necessary. 


Case 1x. This sixty-seven year old white man 
who had been in previously good health was 
struck by a car. When admitted to the hospital an 
hour later he was somewhat confused but showed 
no localizing neurologic findings and no definite 
evidence of injury to the head. The blood pressure 
on admission was 110/70. An hour later it had 
dropped to 85/0, and blood transfusion was started. 
At this time the first evidence of localized injury, 
pain and tenderness over the left anterior costal 
margin, was noted. There was no evidence of frac- 
ture and the chest was clear. In the next two hours 
tenderness and spasm appeared in the left upper 
quadrant of the abdomen and spread across to the 
right. At this time the mental picture had cleared. 
Because of these findings a diagnosis of ruptured 
spleen was made and the patient operated upon. 
No intra-abdominal lesion was found. After trans- 
fusion with 500 cc. of whole blood the blood pres- 
sure had risen to normal, and during the second 
500 cc. it rose to 190/100. At this point the blood 
was stopped, and in several hours the blood pres- 
sure returned to normal and remained there. A 
postoperative electrocardiogram showed depression 
of the ST-T segment across the precordium. These 
changes had reverted to normal one week later. 
The patient was discharged from the hospital after 
thirteen days but continued to have precordial 
discomfort for about two months. 


10/28/53 


Fic. 2. Case 11. Cardiac contusion. 


This patient showed electrocardiographic changes 
which were non-specific in nature and could not be 
used alone to substantiate the diagnosis of myo- 
cardial contusion. Taken with the clinical picture, 
however, it seems this diagnosis is justified. In 
cases of this type, if myocardial contusion is kept 
in mind as a possible explanation of hypotension, 
unnecessary surgery may be avoided although in 
this specific instance the abdominal findings prob- 
ably justified exploration. 


Cases x and xi. These were selected from 
among other similar cases to illustrate the fact that 
in patients with multiple injuries, non-specific 
electrocardiographic changes may be noted; this 
can be explained by systemic disturbances which 
do not justify a diagnosis of myocardial injury. 
The patient in Case x (Fig. 3) showed flattening 
of T waves in leads 1, aVL, V;R, and V;; depression 
of ST-T segments in leads 11 and AVF which 
returned to normal in two weeks were thought to 
be due to shock or hypoxia secondary to other 
injuries. 

The patient in Case x1 showed transient electro- 
cardiographic changes (Fig. 4) of multiple pre- 
mature ventricular beats and peaking of the 
T waves across the precordium interpreted as 
probably due to hyperkalemia resulting from 
severe muscle damage due to multiple severe 
fractures. 


The treatment is essentially that of the pa- 
tient with coronary occlusion and myocardial 
infarction with one exception. The patient 


: 
- 
‘ 
| 
| 
| 561 
J 


| 


Hale and Martin 


Fic. 3. Case x. Suspected cardiac contusion. 


should not receive anticoagulants, as one of 
the features of this lesion is hemorrhage into 
the heart muscle. Rest and symptomatic treat- 
ment are in order as with the patient with 
coronary occlusion. In mild cases the patient 
may gradually be mobilized as his symptoms 
subside and the electrocardiogram returns to 
normal. In more severe injuries with electro- 
cardiographic evidence of marked muscular 
damage, complete bedrest for four to six weeks 
is indicated with resumption of activity predi- 
cated on stability of the electrocardiographic 
findings and the patient’s tolerance of increased 
effort. Pronestyl® or quinidine may be used in 
patients with arrhythmias, and nor-epinephrine 
may be necessary if marked hypotension de- 
velops. Digitalis is administered only if decom- 
pensation develops and is to be avoided except 
for this indication, as digitalis may increase the 
irritability of an already sensitive heart muscle 
to encourage the development of abnormal 
rhythms. 

During the early course, and especially dur- 
ing the second week, these patients should be 
watched for signs of cardiac tamponade which 
may result from the accumulation of sero- 
sanguineous fluid or frank perforation of the 
heart. The blood pressure falls, the pulse pres- 
sure narrows, the heart sounds are distant, and 
the patient becomes cyanotic and dyspneic. 
Even though the accumulation of fluid is rela- 
tively gradual, in many cases the development 
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Fic. 4. Case x1. Suspected cardiac contusion. 


of symptoms may be rapid and the outcome 
fatal if therapy is not prompt. Pericardial tap 
should be carried out in these cases and may be 
life saving. Bright and Beck [5] have recom- 
mended open surgery if tap is.not sufficient in 
an attempt to save the patient’s life under 
these circumstances. 


COMMENTS 


The present series includes nine cases of 
cardiac injury of various degrees of seriousness 
associated with closed injuries to the chest 
seen over a period of about three years on a 
moderately active trauma service. This would 
seem to be an inordinate number of cases of 
such unusual injuries. However, it is not be- 
lieved that these injuries are unusual. They are 
not uncommon if sought and any injury to 
the chest due to severe force or force of un- 
known magnitude as well as any injury to the 
chest associated with unexplained cardiovascu- 
lar findings such as hypotension, tachycardia 
or arrhythmias demand the use of the electro- 
cardiogram for further study. In case of doubt 
serial electrocardiograms should be made. 

Many such cardiac injuries fortunately 
appear to be relatively mild and result in little 
if any permanent residue. However, they 
should be recognized and observed. Moreover, 
more serious contusions should be treated 
appropriately and early recognition may avoid 
errors in treatment. 
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Myocardial Contusion 


The diagnosis of myocardial contusion is 
most easily made when the subject is young 
and there is no question of previous cardiac 
difficulty. Then the history of trauma to the 
chest followed by precordial pain, dyspnea, 
tachycardia, hypotension and electrocardio- 
graphic changes indicative of myocardial 
damage assure the diagnosis of myocardial 
contusion. 

In the older patient, particularly if there is an 
indication by history or otherwise of pre-exist- 
ing heart disease, the diagnosis of myocardial 
contusion may be more difficult and especially 
so in cases of mild degree. However, bruising 
of the heart may aggravate previously existing 
disease or superimpose new damage on top of 
old. Therefore, the diagnosis of myocardial 
contusion should be made in any patient who 
is subjected to injury to the chest by consider- 
able force and in whom, within a short time, 
signs and symptoms of cardiac disability 
develop accompanied by disturbances of the 
electrocardiographic pattern. Myocardial dam- 
age is indicated, particularly if these electro- 
cardiographic changes return toward normal 
under treatment. It is the place of the surgeon 
who sees patients after trauma to keep the 
possibility of myocardial contusion in mind, 
obtain electrocardiographic studies and, if 
indicated, ask the help of the cardiologist in 
diagnosis and treatment. 

It should be remembered that after recovery 
from the acute injury the prognosis in myo- 
cardial contusion may be more optimistic than 
after a comparable amount of damage asso- 
ciated with a coronary occlusion because in the 
latter case the patient is still left with his 
primary disease of the coronary vessels. 


SUMMARY 


The pathology, clinical picture and treat- 
ment of myocardial contusion are discussed. 
Eleven cases are summarized, seven of which 
were diagnosed as myocardial contusion. Two 
cases were described as probable myocardial 
contusion and two used to illustrate electro- 
cardiographic changes secondary to severe 
injuries but probably not indicating injury to 
the heart. 


Acknowledgment: We are grateful to Dr. 
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DISCUSSION 


Tuomas H. Burrorp (St. Louis, Mo.): I wish 
to congratulate Dr. Hale and his associate on a 
very fine and a most timely presentation. As he 
indicated, the subject is one that has long needed 
clarification. It is a subject upon which there 
have been strong divergent opinions. On the one 
hand, there has been a feeling that cardiac con- 
tusion is a very rare entity. On the other hand, 
there were those who believed that it was a great 
deal more frequent than it actually is. 

Our experience has been quite similar to that of 
Dr. Hale and his associate, and I agree completely 
with the principles that he has so clearly outlined. 
I would caution, however, against surgeons be- 
coming too “‘medically” minded on the subject of 
cardiac contusion. In our institution we have 
seen one instance in which a cardiac contusion 
was recognized and necessary surgery for a serious 
concomitant lesion was postponed so long that 
the patient died. While it is imperative, as he has 
stressed, that the cardiac contusion arising from a 
serious crush injury to the chest be recognized 
and managed as such, the recognition of such a 
lesion must not blind the surgeon to the necessity 
of taking care of compelling, demanding lesions. 
If an individual, for instance, has a serious intra- 
abdominal lesion as a result of a crushing injury, 
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then one must give the patient with a significant 
cardiac contusion the benefit of all medical support, 
but proceed nonetheless with the necessary surgery 
of the complicating lesion. 

Quite obviously, on the other hand, the definitive 
treatment of the closed fracture of an extremity 
or lesions of that category had best be deferred 
until it is obvious that the patient is in no real 
danger from the cardiac contusion. 

Ec_mer R. Maurer (Cincinnati, Ohio): I think 
Drs. Hale and Martin have made some very im- 
portant observations about a serious disorder, 
and I, too, agree with their methods of manage- 
ment and would like to re-emphasize some of the 
points they have made because I think they are 
most pertinent. 

I believe one could use the electrocardiogram too 
infrequently rather than too frequently. To be 
aware of a disorder is most important if one wishes 
to treat it intelligently. Certainly some of the 
unexplained deaths, as the authors have pointed 
out, have had no anatomic basis whatsoever at 
necropsy. These could be not only diagnosed but 
also avoided if the physician is aware of the fact 


that a cardiac lesion is present and is willing to 
make electrocardiographic studies. Certainly any 
unusual arrhythmia in a person with any type of 
injury to the chest, indirect or otherwise, merits 
careful observation within the first two weeks. 
I agree wholeheartedly that time of ambulation of 
such person would depend almost entirely upon 
how his electrocardiographic tracing changed or 
returned to normal within that interval. 

I am uncertain if it is generally appreciated that 
bleeding from the surface of the heart can occur 
following indirect trauma just as it can occur from 
the lung. This bleeding can be of such severity 
that a constrictive type of pericarditis may 
develop and require decortication. 

Harry W. Hate, Jr. (closing): I appreciate 
Dr. Burford’s note of warning. It is our belief that 
surgeons should be aware of this lesion; not that 
it should let them become upset and avoid neces- 
sary surgery but that they should know more 
about myocardial contusion and seek what help 
they need from the cardiologist or internist, and 
use that information to its best effect in the over- 
all management of the patient. 
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Acute Arterial Injuries in Civilian Practice 


GeorGE C. Morris, Jr., M.D., OSCAR CREECH, JR., M.D. AND E. DEBAKEY, M.D., 
Houston, Texas 


From the Cora and Webb Mading Department of Surgery, 
Baylor University College of Medicine, and the Surgical 
Services of the Jefferson Davis, Methodist and Veterans 
Administration Hospitals, Houston, Texas. 


primary repair of an acute arterial 

injury was performed nearly 200 years ago 
by Lambert and Hallewell [1], only in the last 
decade has this technic succeeded ligature as 
the accepted operative treatment. In a series of 
2,471 acute arterial wounds incurred during 
World War u, suture repair was accomplished 
in only eighty-one cases, most of which were 
small lateral lacerations; in only three instances 
was end-to-end anastomosis performed [2]. 
Results in these eighty-one cases, however, 
were considerably better than those of ligation, 
and for the first time it appeared that repara- 
tive technics were practicable in the treatment 
of acute arterial wounds incurred in combat. 
Meanwhile, rapid developments in cardiovascu- 
lar surgical technics for the correction of certain 
congenital disorders (such as patent ductus 
arteriosus, tetralogy of Fallot and coarctation 
of the aorta) had demonstrated the value of 
arterial suture as an effective procedure, leading 
to its establishment as the method of choice 
in the reparative surgical treatment of acquired 
arterial disease [3-5]. 

In the light of these developments the Korean 
conflict provided favorable circumstances under 
which to demonstrate conclusively the feasi- 
bility and efficacy of primary repair of acute 
vascular wounds. Among fifty-eight cases of 


. arterial injuries treated in this manner, re- 


ported by Jahnke and Howard [6], amputation 
was performed in only six cases. Hughes [7] 
found an 11 per cent incidence of amputation 
following repair of seventy-nine major arterial 
injuries. Spencer and Grewe [8] in ninety-seven 
arterial injuries, of which eighty-nine were 
repaired primarily, reported twenty-one ampu- 
tations. However, in their series injury was so 


extensive as to require a graft in forty-seven 
cases. 

Civilian practice should provide the most 
favorable circumstances for primary repair of 
arterial injuries. In general, the interval of 
time between injury and repair is much shorter 
than in military practice. Moreover, most 
civilian arterial injuries are simple stab wounds 
and lacerations, and gunshot wounds are not as 
severe because civilian firearms have a much 
lower muzzle velocity. Hence massive destruc- 
tion of soft tissue and associated injury to other 
parts are less likely to complicate the problem. 

For the purpose of evaluating the results of 
primary repair in civilian practice, an analysis 
was made of all patients with acute arterial 
injury admitted to the Baylor University 
affiliated hospitals during the seven-year period 
ending July 31, 1956. Most of these 136 patients 
had been treated at the Jefferson Davis Hos- 
pital, a city-county general hospital for the 
indigent, where large numbers of cases of 
trauma are seen annually. Most of the repara- 
tive procedures were performed by members 
of the resident staff. 

Incidence. As might be expected in an 
analysis of injuries incurred primarily through 
violence with knives and pistols, the ages of 
most patients were found to be in the third 
and fourth decades. Ages ranged from eight 
to sixty-two years (mean, thirty years), so 
that in only a few patients did arteriosclerosis 
produce technical problems in repair. Ninety- 
three (68 per cent) of the patients were Negroes; 
120 patients (88 per cent) were males. 

Interval between Injury and Treatment. The 
interval of time between initial injury and both 
emergency and definitive treatment was esti- 
mated in each case. An average of 1.2 hours 
elapsed from injury to institution of resuscita- 
tive measures, and 4.5 hours from injury to 
definitive surgical treatment. A few of the 
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Fic. 1a. The resected portion of a torn popliteal artery contains an intraluminal thrombus. The long thrombus was 
removed from the distal popliteal artery by retrograde massage. This case illustrates an instance of laceration of the 
popliteal artery associated with massive soft tissue injury. This patient had a crushing injury involving the thigh 
and knee. 


a 


5 


Fic. 1b. The completed end-to-end anastomosis of the popliteal artery can be seen in the right upper portion of the 
wound. The popliteal vein lies to the right of the artery. This patient recovered and had strong pedal pulses. 


patients received emergency treatment several 
hundred miles away and were then transported 
for definitive surgical repair. In other instances, 
after control of hemorrhage attention was first 


TABLE I 
ASSOCIATED INJURIES IN EIGHTY-FOUR CASES OF ACUTE 
ARTERIAL INJURY 


Injury to adjacent nerves.................. 33 
22 
Injury to adjacent tendons................. 18 
Fracture of adjacent bone.................. 13 


Extensive soft tissue injury................. 9 
Fractures of other bones................... 7 
Dislocation of adjacent joints............... 2 


directed toward treatment of more critical 
injuries to the chest or abdomen. Conversely, 
surgical repair frequently must be considered 
an integral part of resuscitation, and in many 
instances the intervals from injury to emer- 
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gency treatment and to definitive treatment 
coincided. Although irreversible ischemic dam- 
age is more likely to occur as the duration 
between injury and repair increases, good re- 
sults may be achieved even after long periods 
of ischemia. In the present series repair was 
attempted regardless of the duration of this 
interval. 

Resuscitation. The average amount of blood 
administered before and during operation in 
the ninety patients (66 per cent) arriving in 
hemorrhagic shock was 2,440 cc., and in the 
forty-six patients without shock 465 cc. Many 
of the patients were in profound shock and 
appeared moribund on admission. Although 
vasopressor agents are not generally recom- 
mended, life was sustained in some of these pa- 
tients by their prompt, judicious use while blood 
was being replaced under pressure through mul- 
tiple venous catheters. As emphasized pre- 
viously, surgical intervention frequently played 
a contributing role in resuscitation. 

Associated Injuries. One hundred twenty- 
nine associated injuries occurred in eighty-four 
of the 136 patients with acute arterial injury 
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Fic. 2. This drawing shows the resected segment of 
brachial artery which was opened longitudinally to show 
the circumferential disruption of the intima with sub- 
intimal dissection. The injury was caused by the blast 
effect of a bullet which missed the artery but transected 
the median nerve. End-to-end anastomosis of the 
artery produced a normal radial pulse. 


(Table 1) and most commonly involved an 
adjacent nerve, a major vein or tendon. Less 
frequent were fractures in an adjacent bone, 
abdominal injury and thoracic injury. As has 
been pointed out in previous reports on military 
arterial wounds, the presence of extensive dam- 
age to soft tissue has a deleterious effect on the 
eventual outcome. The favorable results in the 
present series are attributable partially to the 
fact that only nine patients had severe destruc- 
tion of soft tissue. (Fig. 1.) 

These 136 arterial wounds were divided into 
four categories: lacerations, transections, con- 
tusions and spasms. In certain instances in 
which the wound fell into several categories 
classification was arbitrarily determined on the 
basis of the most severe injury. 

Laceration: The fifty-six lacerations in this 
series include tangential, longitudinal and 
transverse wounds of the arterial wall. As in 
gunshot wounds, variable amounts of substance 
may be lost from the arterial wall. Also in- 
cluded in this group were injuries with intimal 
tears caused by blunt force, blast effect of 
gunshot (Fig. 2) and stretching; three such 
wounds were associated with extensive sub- 
intimal dissection. This type of injury may 
pose a difficult problem in evaluation at the 
time of exploration. 

Transection: Seventy-one of the wounds in- 
cluded injuries made by sharp objects, gunshot 
wounds and avulsions in which the vessel was 
completely severed. 


567 


\ 


9 
4 


136 


Fic. 3. Location of arterial injuries. Nearly half of these 
injuries involved either the brachial or femoral arteries. 


Contusion: In this group there were six 
arterial injuries with bruising of the arterial 
wall but without disruption of any layer. Four 
such patients had associated local thrombi 
within the lumen. Only by arteriotomy can 
these injuries be distinguished from those with 
intimal tears. 

Spasm: In three instances simple spasm was 
so severe that exploration was necessary to 
distinguish this type from the preceding varie- 
ties of injury. 

Locations of Injuries. Figure 3 shows the 
anatomic location of injuries in the present 
series. As can be seen, nearly half of the arterial 
injuries occurred in the brachial or femoral 
arteries. Of special interest were the ten aortic 
and eleven carotid injuries. Injuries to cerebral, 
visceral, intercostal and other arteries were not 
included in the analysis. 


TREATMENT AND RESULTS 


Repair. Primary arterial repair was accom- 
plished in ninety-three patients. (Table 11.) 
Simple suture or resection with end-to-end 
anastomosis was performed in seventy-nine 
instances, and in fourteen cases it was necessary 
to use a homograft. Gunshot wounds were 
generally treated by resection and end-to-end 
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TABLE 
RESULTS OF TREATMENT IN 136 CASES OF ACUTE ARTERIAL INJURY 
Results 
r Total No. of 
cara Cases Pulses Pulses No Pulses N 
Restored Restored Vi able ?| Amputation Dead 
Immediately | but Delayed — 

79 62 9 I 6 I 
14 8 2 I I 2 

32 I 24 5 2 

4 I 43 


anastomosis, and small shotgun pellet wounds 
were sutured without resection. Bullet wounds 
of the carotid arteries and the aorta were sim- 
ply closed by suturing when this was technically 
feasible. In the case of carotid injuries it was 
possible to avoid prolonged cerebral ischemia 
and resultant hemiplegia by this approach. 

Primary repair of the common or internal 
carotid artery was performed in six cases. In 
four of these cases simple lateral repair was 
attended with no neurologic sequelae. In the 
other two resection and anastomosis were 
necessitated by severe damage and loss of 
substance of artery. In one of these patients 
prolonged occlusion resulted in hemiplegia; 
in the other patient the duration of occlusion 
was only nine minutes and was not associated 
with neurologic sequelae. 

Repair was completed in six of the ten aortic 
wounds. Gunshot perforations of the aorta were 
closed without constriction of the lumen in four 
cases, and all of these patients survived. In one 
knife wound of the aorta with almost complete 
severance, repair was successful but a trans- 
fusion reaction led to death on the twenty- 
third postoperative day as a result of renal 
insufficiency. A homograft was necessary in 
treating one shotgun wound of the aorta, but 
the patient died. 

Five subclavian and axillary arterial wounds 
were repaired, one with a graft, and in all 
instances there was immediate restoration of 
pulses. Thirty-one brachial artery injuries were 
repaired; in twenty-eight radial pulses de- 
veloped. Amputation was necessary in two of 
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the unsuccessful cases, and the other patient 
had a viable arm without pulses. One of these 
failures arose from the four instances in which a 
graft was necessary. Seven iliac artery injuries 
were repaired and pulses were restored in four 
instances. In the three failures, two patients 
had an amputation and one died. A graft was 
employed once in this group and represented 
one of the successful cases. There were twenty- 
three repairs of the femoral artery. A graft 
was used in six of these repairs. Pulses were 
restored in twenty instances. A graft was used 
in two of the three failures, of which one patient 
had a viable leg without pulses and one patient 
died; the third patient had an amputation. The 
popliteal artery was repaired in six patients. 
Pulses were restored in four of these and ampu- 
tation was necessary in the two failures. Eight 
radial arteries and one posterior tibial artery 
were repaired and pulses developed in all. 
Suture of longitudinal and transverse lacera- 
tions was employed except when resection and 
anastomosis were necessary to avoid luminal 
constriction or to excise traumatized arterial 
wall. If loss of substance or subintimal dissec- 
tion made anastomosis impossible, the defect 
was bridged with an arterial homograft. Resort 
to replacement with a homograft was necessary 
in fourteen cases. The graft was used as a long 
by-pass in one case in which an intimal tear 
was followed by subintimal dissection from 
the common iliac to the superficial femoral 
artery. (Fig. 4.) In all other instances the grafts 
were sutured end-to-end with simple over and 
over everting sutures of fine silk. Occasionally 
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Fic. 4a. Aortogram, taken after blunt trauma to the 
lower abdomen, confirmed the diagnosis of an acute 
obstruction of the right external iliac artery. At opera- 
tion an occlusion was found from the external iliac to 
the superficial femoral artery. An intimal tear in the 
external iliac artery initiated subintimal dissection 
distally to the superficial femoral“artery. The dotted 
line indicates the course of a by-pass arterial homograft 
extending from the common iliac to the common femoral 
artery. 


heparin was used locally but postoperative anti- 
coagulant therapy was never employed. 

Pulses returned with viability of the ex- 
tremities in eighty-one cases (86 per cent). In 
the twelve patients with unsuccessful repair, 
two had viable extremities without pulses, 
seven underwent subsequent amputation and 
three died. 

Ligation. Resort to ligation was necessary 
in thirty-two patients. (Table 11.) In eighteen 
instances of ligation the wounds were of the 
radial, ulnar or tibial arteries. One posterior 
tibial artery ligation was followed by amputa- 
tion. Amputation was necessary in another 
case in which both the radial and ulnar arteries 
were concomitantly ligated. Viable extremities 
followed ligation in the other sixteen cases. 
In the remaining fourteen wounds of larger 
arteries treated by ligation, three resulted in 
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Fic. 4b. Aortogram one month after operation clearly 
shows the homograft by-pass extending from the com- 
mon iliac to the common femoral artery. 


amputation and two in death. Two of the three 
carotid injuries managed by ligation were 
followed by hemiplegia. The other six in- 
stances of ligation of the larger arteries re- 
sulted in viable extremities. 

Exploration. Simple exploration without 
arteriotomy relieved simple compression from 
associated fracture in one patient and revealed 
severe arterial spasm in three other cases. 

In seven patients death from hemorrhage 
occurred before repair could be performed. 
(Table 11.) In this group there were four aortic 
wounds, two wounds of the carotid artery and 
one wound of the subclavian artery. 

A comparison of the first and second 34-year 
periods of the study relative to treatment and 
results is presented in Table 111. Of particular 
significance is the fact that the incidence of 
primary repair during the more recent period 
was approximately double that during the 
earlier period. Moreover, the incidence of 
amputation following an arterial wound fell 
from 16 per cent in the first period to 6.6 per 
cent in the last period. 
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TABLE 
COMPARISON OF TREATMENT AND RESULTS IN THE FIRST 344 YEARS AND THE LAST 314 YEARS 


‘Results 
Total No. of No. Rate 
Cases Ligations Pulses, | No Pulses, 
Viable | Viable 
31 14 13 9 16 5 
105 18 80 76 II 7 


SUMMARY AND CONCLUSIONS 


Primary repair was performed in ninety- 
three of 136 civilians with injuries to major 
arteries. Restitution of function with good 
pulses was achieved in 86 per cent of these 
cases. An arterial homograft was necessary in 
fourteen patients, and amputation followed 
unsuccessful repair in seven instances. 

Immediate repair of acute arterial injuries by 
simple suture, or resection and anastomosis or 
homograft replacement, as indicated, may be 
expected to produce excellent results. Better 
results follow arterial repair of civilian injuries 
than of wounds incurred in military service, 
which are associated with more extensive 
destruction of soft tissue and grave trauma. 
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DISCUSSION 


CarRLETON MATHEWSON, Jr. (San Francisco, 
Calif.): At a meeting of this society held at the 
Seigneury Club near Montreal, Canada, in 1941, 
I believed that it was important to report a single 
successful end-to-end suture of the brachial artery 
which had been severed by a compound dislocation 
of the elbqgw. Dr. Morris now has recorded ninety- 
three primary repairs, with the restoration of func- 
tion in 86 per cent. This, indeed, is evidence of the 
tremendous advances that have been made in this 
field of surgery in the past fifteen years. 

In view of the fact that most of these injuries are 
caused by violence with knives and pistols, perhaps 
it is fortunate that our experience with acute 
vascular injuries in San Francisco has been limited. 
During World War 11 the results of vascular repair 
were notably poor, mainly, I believe, because little 
interest was directed toward the special care of 
these patients. With notably few exceptions, most 
of the damaged major vessels were ligated. Al- 
though amputations were not infrequent, it is 
noteworthy that under ideal conditions most 
major vessels of the extremities can be ligated 
without jeopardizing the viability of the extremity. 
Nevertheless, careful follow-up studies have shown 
that when the limb has survived, various signs and 
symptoms of impaired functions develop even at 
basal conditions. Intermittent claudication, pares- 
thesias and temperature changes are common late 
sequelae. When the collateral circulation to a limb 
has been damaged by additional injury to the soft 
tissues of the extremity, gangrene may ensue. This 
is true particularly following injury to the iliac, 
femoral or popliteal artery in the lower extremity 
and after damage to the axillary or brachial artery 
in the upper extremity. 

Toward the end of the Korean conflict, hon 
special attention was directed toward these lesions, 
it was shown conclusively that direct repair of 
injured arteries with restoration of continuity 
could and should be carried out in forward installa- 
tions. Secondary re-establishment of vessel con- 
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tinuity in rear echelon hospitals also was eminently 
successful. 

Unfortunately, in many quarters these lessons so 
well emphasized during the stress of world conflict 
have been neglected in the complacency of civilian 
life. It is important, therefore, that we re-empha- 
size the seriousness of vascular injury and, where 
possible, stress the favorable circumstances that 
present themselves in civilian life for the successful 
primary repair of injured vessels. 

We have found, as did Dr. Morris, that the time 
interval between injury and repair usually is short 
in civilian practice. Fortunately, too, the extensive 
soft tissue damage that so frequently accompanied 
vascular injuries, particularly of the lower extremi- 
ties, in time of war are not common. These two 
factors alone favorably influence the possibility of 
successful primary repair. 

In most civilian hospitals there has been a rapid 
development in cardiovascular surgical technics 
as applied to congenital disorders and occlusive 
vascular disease, but insufficient emphasis has been 
placed on the importance of immediate restoration 
of continuity in the acutely injured vessel. 

Lester BREIDENBACH (New York, N. Y.): The 
subject of acute arterial injuries has been brought 
up several times before our society. In 1948 Dr. 
Lord and I, under the auspices of the Trauma 
Committee of the American College of Surgeons, 
found that the general surgeon was apparently 
afraid of arterial injuries. The usual treatment 
consisted of ligation of an artery in continuity, with 
resulting gangrene of the extremity or, if the 
extremity did not become gangrenous, certainly a 
very severe loss of function and disability. 

We investigated this and found that general sur- 
geons either were not used to this type of injury or 
had not trained themselves in this particular field. 
We therefore decided to propagandize and to find 
out how often these injuries occurred in civilian life 
and what we could do about it. Much to our sur- 
prise, in a very short period of time we found 
fifteen cases of various types of injury, 50 per cent 
of which were caused in the operating room by the 
surgeon who was operating. His method of treat- 
ment was in most of these instances ligation, with 
the consequent results. 

We therefore started getting the hospitals to put 
in a proper set of vascular instruments—which 
most of the hospitals did not have in 1948—to take 
care of a lacerated artery either by end-to-end 
anastomosis or lateral repair, or whatever else 
was necessary in that particular case, and also to 
teach the general surgeon not to be afraid of these 
injuries and to train himself to take care of these 
injuries which occurred either in the operating 
room or in civilian life from trauma. 

The result has been most interesting, and of 
course a great many people have been helped by 
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this procedure. At that time, as I have stated, we 
collected fifteen cases, in some of which Dr. Lord 
and I assisted the surgeon in repair. Since that 
time we have been called in a great many instances 
and have had brought to our attention many 
cases which occurred in civilian life, especially in 
the operating room. These can definitely be 
repaired by the surgeon who will take the time to 
train himself to perform arterial anastomosis. 

Joun J. CRAN LEY (Cincinnati, Ohio): I think we 
have all been thrilled by the recent developments in 
arterial surgery which have emphasized restoration 
of continuity rather than ligation, and we are 
particularly indebted to Drs. Morris, Creech and 
DeBakey for teaching us so much in so short a time. 

In regard to injuries to major blood vessels, it 
seems that the most frequent question put to me 
by medical students and residents is, ‘What ves- 
sels should we graft and what vessels should we 
anastomose, or which ones should we ligate?” 
Very often I am asked, “Should we graft an injured 
vein?” 

Therefore, for this reason we have tabulated the 
vessels which we believe should be either anasto- 
mosed or ligated. 

I think it is easy to forget that most veins of the 
body can be ligated without serious consequence. 
There are a few exceptions, i.e., the superior vena 
cava, the inferior vena cava above the renal veins, 
the innominate veins, the renal veins themselves 
or the superior mesenteric veins. 

It is not so easy to categorize the arteries, but 
in general we can divide them into three groups. In 
the first group are those arteries which may be 
ligated electively, i.e., the arteries of the neck 
except the common and internal carotid, the arter- 
ies below the elbow and the knee (that is, below 
the popliteal and brachial), and gastric, splenic 
and internal iliac artery. 

It is more difficult to generalize about the second 
group. These arteries may be ligated under certain 
circumstances but not under other circumstances. 
If the artery is cleanly severed, as in a stab wound, 
it often may be ligated. On the other hand, if the 
artery is associated with a great deal of contusion 
and damage to surrounding tissues and collateral 
vessels, it may not be ligated safely. In this group 
we have the internal carotid, subclavian, axillary, 
brachial and popliteal arteries; also arteries of the 
abdominal viscera except those in the first group 
and those in the third group. 

The most critical artery here is the popliteal. 
Under ideal conditions we always try to reanasto- 
mose the popliteal artery, because even if the limb 
survives following ligation, the patient will have 
intermittent claudication. 

Finally, there are those arteries which must 
always be repaired in one way or another, such as 
the aorta, innominate, common carotid, the renal, 


3 

q 

+ 

> 

- 

; 

5 

i 


Morris, Creech and DeBakey 


the common and external iliac, and the common 
and superficial femoral arteries. 

Morris J. FoGetMAN (Dallas, Texas): I think 
we in Dallas are in a unique position to discuss 
vascular injury, because we are second only to 
Houston in the incidence of petty larcenies and 
minor altercations per capita in the country. 

The principles which we have employed re- 
cently in handling major arterial injury have been 
three in number. The first has been the restoration 
of arterial continuity. I think this has been well 
covered by Dr. Morris and I think its importance 
has been well recognized. 

The second important principle evolves about 
therapy when there is concomitant arterial and 
venous injury. I have special reference to the 
popliteal, femoral and brachial vascular areas. A 
perusal of the literature indicates that the incidence 
of gangrene following simultaneous injuries to the 
iliac artery and vein is still approximately 50 per 
cent; following injury to the popliteal artery and 
vein, approximately 30 per cent; in the femoral area 
variable, ranging from 10 to 50 per cent. I think 
Dr. Morris’ figures bear this out. 

Our second principle is one over which there has 
been some conflict in the past, namely, restoration 
of venous continuity. We have recently been grati- 
fied in having a lower incidence of gangrene follow- 
ing injuries to the iliac and brachial artery and 
vein, with restoration of both arterial and venous 
continuity. I believe that the time has arrived 
when the restoration of venous continuity in major 
veins is as important as arterial restoration. 

The third principle is one of great importance 
and has not been generally stressed throughout this 
country. It involves the early performance of 
fasciotomy. After a period of ischemia of an 
extremity, even though arterial continuity is 
restored, there is always distal swelling which 
acts like the application of a tourniquet. Unless 
fasciotomy is performed early, even though 
arterial continuity is restored, there may be pro- 
gression to gangrene despite the fact that blood is 
flowing through the conduit established. We now 
look upon early fasciotomy as we generally look 
upon tracheotomy. It should be done on slight 
indication and early in the course of treatmeni, for 
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if it is delayed following a long period of ischemia 
with the progression of swelling in the area, a high 
incidence of terminal thrombosis inevitably results. 

FREDERICK REICHERT (San Francisco, Calif.): 
One of our patients had his femoral artery severed 
by a ski pole. The artery was packed and tied. The 
patient was referred to have a sciatic nerve taken 
care of, but there was no sciatic injury whatsoever 
although he had foot drop and the sole of his foot 
was numb. In two of twenty-six cases Dr. Morris 
and co-workers tied the femoral artery and said 
nothing about the numb foot or foot drop. 

I can see no reason for incomplete measures. A 
divided artery should always be sutured. The vein 
does not matter; it is the artery that brings nutri- 
tion to the tissues, including the nerves. 

GeorceE Morais (closing): Many of our ligations 
were performed in the first three years of the seven- 
year series, and many of these patients have been 
subsequently readmitted for repair. We had the 
opportunity last week to repair the damage of a 
gunshot wound of a common femoral artery in- 
curred in World War 11 which had been ligated. A 
long stenotic area 5 cm. in length was resected, with 
an end-to-end anastomosis. 

As to the subject of grafts, we are finding that 
longer and longer defects can be bridged without 
them by mobilization of the artery and end-to-end 
anastomosis. 

Regarding complicated instruments in arterial 
repair, we do not think they are usually necessary. 
Ordinary instruments and tapes usually effect good 
repair. Concerning which arteries to repair, in our 
Center, in which there is intense interest in arterial 
work, even the radial, ulnar and tibial arteries are 
repaired. These, of course, are in the province of 
the first and second year residents, who gratefully 
accept them. 

Fasciotomy may be important in certain cases. 
We have seen very few cases, however, in which 
this was necessary because most of our patients 
came in rather early. In a few patients who were 
referred from several hundred miles away this was 
necessary and did help save some extremities. 

As Dr. Reichert has pointed out so ably, the 
repair of the artery in many cases resolves the 
problem of a neurologic deficit. 
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Mallet Finger 


CLASSIFICATION AND METHODS OF TREATMENT 


Dona.p R. Pratt, M.D., STERLING BUNNELL, M.D. AND Lot D. Howarp, Jr., M.D., 
San Francisco, California 


Me finger deformity, or drop finger 
at the distal joint, from injury is a 
result of the most common of all tendon rup- 
tures, the insertion of the extensor tendon of 
the finger. In classifying the cases, the trauma 
may be direct, from a laceration or contusion; 


TABLE I 
CLASSIFICATION OF MALLET FINGER ACCORDING TO 
ETIOLOGY IN A SERIES OF SEVENTY-FIVE 
CONSECUTIVE CASES 


Etiol No. of | Percent 
Cases | of Series 
Lacerated extensor tendon......... 30 40 
Crushing injury to tendon........ 16 21 
Indirect trauma: stubbing of finger 29 39 


only be restored if the retracted proximal 
end of the extensor tendon is accurately 
approximated to the terminal phalanx or the 
distal stump of the tendon. The tendon ends 
can be brought together by slight hyper- 
extension of the distal joint and moderate 


TABLE I 
AGE DISTRIBUTION 

No. of | Per cent 

Be Cases | of Series 
2 3 
Young adults (20-35)............ 21 28 
Older patients (50-76)............ 14 19 


or indirect, from sudden overflexion of the 
distal joint -of the finger while the extensor 
apparatus is actively contracted. A bony 
fragment varying in size, from the dorsal lip 
of the distal phalanx, may be pulled off with 
the tendon. In some cases a small bony frag- 
ment may be wedged off by hyperextension of 
the terminal phalanx against the dorsum of the 
middle phalanx. (Table 1.) 

Patients are either seen early, within ten 
days of the trauma, or late after a period of 
inadequate, improper splinting or without 
any treatment. The type and degree of trauma, 
time interval since injury, presence of a bony 
fragment and age of the patient influence the 
specific treatment in each individual case and 
affect the ultimate function and resultant 
disability. (Table 11.) 

The problem is one of restoring the con- 
tinuity of the extensor mechanism at the 
distal joint of the finger. Full function can 
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flexion of the middle joint of the finger. Early 
splinting in this position for five weeks will 
preserve function. If treatment is carried out 
late (one or two weeks after injury) or the afore- 
mentioned position of the finger is inade- 
quately maintained, the tendon will heal with 
paratenon in a lengthened manner, resulting 
in the loss of function and necessitating surgical 
treatment. 

Many methods of splinting have been 
described in the treatment of mallet finger. 
A simple straight splint, even with the finger 
tip hyperextended, is inadequate. In almost 
all cases the middle joint must be held in 
moderate flexion. It is obvious that maintaining 
the desired position of the finger offers mechani- 
cal difficulties. Numerous splints of padded 
wood, malleable steel, celluloid, collodion, 
plastic and “‘celastic” have been described and 
used. However, very few of these splints actu- 
ally hold the finger in the desired position. 
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Plaster of paris is widely used. There are 
many objectionable features in the customary 
methods of casting. They are difficult to 
apply, are generally clumsy, have the danger 
of local areas of pressure and frequently limit 
the activity of the rest of the hand. If applied 
carefully and properly in the form of a skeleton 
cast (after Bunnell), using narrow wet strips 
on the volar aspect of the finger and adding 
dorsal transverse bands, the cast is satisfactory. 

The internal splint, a longitudinal stainless 
steel Kirschner wire of medium caliber, 
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Fic. 2. Positioning of the finger on guide and insertion of the wire splint. 


.045 of an inch, described by Pratt in January, 
1951, has been used with success in a series of 
seventy-five cases of mallet finger. A small 
pistol-handle drill is used to insert the wire. 
In 1954, a guide to aid the insertion of the 
internal splint was invented by Dr. Joseph T. 
Moreau of Edmonton, Canada. It has been 
used in the last thirty-nine cases, obviating 
any difficulty in properly inserting the splint. 
The guide consists of a metal bar with three 
adjustable points of pressure to hold the finger 
rigidly while the Kirschner wire is passed 
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Fic. 3. A, drop finger deformity with fracture of dorsal lip of phalanx.'B, reduction of fracture by withdrawable 


wire loop and immobilization by internal splint. 


through a cannulated cylinder and drilled 
into the finger. Thus, the guide manually 
lines up the finger in the desired position and 
guides the alignment of the wire through the 
finger in both the vertical and lateral planes. 
splinting the finger securely. The course of the 
wire is predetermined by the alignment of the 
finger on the guide. The point of the wire, 
as it penetrates the skin on the dorsum of the 
proximal segment of the finger, is cut off 
square with wire biters. The wire is then with- 
drawn just enough so as not to be palpable 
on the dorsal surface of the proximal segment 
of the finger. The distal end of the Kirschner 
wire is then cut off squarely at the tip of the 
finger, where it was originally inserted, so as 
to be just beneath the skin. Thus, the wire is 
completely buried, avoiding infection, and 
local irritation is obviated. The patient is 
comfortable during the period of splinting, 
and the wire can be easily removed from the 
tip of the finger in four or five weeks using 
novocain. (Figs. 1 to 4.) 


METHODS OF TREATMENT 


Complete immobilization in the desired 
position was obtained by the internal splint 
method in a series of seventy-five consecutive 
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Fic. 4. Treatment of drop finger deformity by internal 
splint and reduction of fracture by withdrawable wire 
loop through the fracture site and distal joint. Note 
only slight hyperextension of distal joint and only 
60 degrees of flexion of middle joint. 


cases. Dr. Moreau’s guide has materially 
aided the insertion of the Kirschner wire in the 
last thirty-nine cases of this series. 

Primary repair of the ruptured or divided 
extensor tendon required only simple wound 
care and an internal splint. In many, neither 
the wound nor the tendon required any 
specific sutures. 

In patients seen ten days or more after 
injury, approximation of the extensor tendon 
by suture was indicated. A single No. 34 
stainless steel wire suture (after Bunnell) 


£3 a 
= 
wl 


Pratt, Bunnell and Howard 


was used, fixed over a button or a notch in the 
tip of the finger nail and placed with a pull- 
out wire so it could be withdrawn in four weeks. 
In the majority of the late cases, the exten- 
sor tendon was found to be healed by paratenon 
with increased length, and was generally. 


TABLE III 
FRACTURE OF THE DORSAL LIP OF THE DISTAL PHALANX 
: Per cent of 
Age of Patients (yr.) | No. of Cases Sindeiinn Caste 
6-20 6 27 
21-35 5 25 
36-49 7 32 
50-61 4 18 


adherent to the dorsum of the middle phalanx 
near the distal joint. A small flat sheet of non- 
irritating polythene® was placed beneath the 
tendon and the head of the middle phalanx 
to prevent re-adherence. In four to six weeks, 
after a smooth synovial-like membrane de- 
velops, the polythene, whose edge was placed 
near the incision, can be readily removed 
under local anesthesia. The polythene film 
was used in twelve cases. 

A “cinch” type of suture placed back and 
forth across the tendon, as the ophthalmologic 
surgeon places a suture to shorten the eye 
muscles, was found to shorten materially the 
extensor tendon in the late cases. It was a 
pull-out suture of No. 34 stainless steel wire 
so it could be withdrawn. In four weeks useful 
extension (20 to 30 degrees of motion) of the 
distal joint resulted. This method was used in 
six patients. They were treated two to six 
months after injury and ranged in age from 
thirty-nine to sixty-one years. 

Fractures of the dorsal lip of the distal 
phalanx were found in twenty-two cases in the 
series of seventy-five. (Table 111.) In the cases 
in which the bony fragment was only a tiny 
fleck it was removed, and the tendon was 
approximated to the distal phalanx with a 
regular withdrawable wire tendon suture. 
When, the bony fragment was of demonstrable 
size, the single No. 34 wire loop was placed 
about the fragment, passed through the 
defect in the distal phalanx, and fixed over a 
button on the center of the volar aspect of the 
distal segment of the finger. Pulling toward 
the tip of the finger did not reduce the frac- 
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ture adequately. In the most recent cases, one 
of the strands of the wire loop about the frag- 
ment was placed through the distal joint and 
the other through the phalanx at the fracture 
defect. This placed the fragment in proper 
position. 

In splinting the finger, care was taken to 
avoid popping out the dorsal fragment on 
hyperextending the distal joint. The deformity 
of volar luxation of the distal phalanx, which 
occurred in some of the fracture cases, was 
also reduced. 


RESULTS 


The functional results of sixty-three of the 
cases are presented. There has been insufficient 
time or follow-up data available in twelve 
cases of the series. Some voluntary extension 
(uplift) of the distal phalanx was restored in all 
of the cases. 

Voluntary extension to a straight line was 
restored in thirty-three of the sixty-three 
cases. Full function of the distal jomt without 
symptoms, with voluntary extension to a 
straight line and full flexion, was restored in 
eighteen cases. These patients with excellent 
results ranged in age from six to forty-four 
years. Only four were in their forties. In 
fifteen of the patients with voluntary extension 
to a straight line there was some restriction of 
full flexion. Only one of these patients was in 
his fifties. 

Useful motion with 20 to 40 degrees of 
voluntary extension was restored in twenty-one 
of the remaining cases. These patients were 
from twenty-seven to fifty-six years of age. 
In this group the distal joint had useful volun- 
tary extension, but lacked 5 to 22 degrees of 
reaching a straight line. 

In the remaining nine cases, a fair functional 
result was obtained, with less than 20 degrees 
of voluntary uplift. These patients were from 
twenty-nine to seventy-six years of age. It is 
evident that the functional result is better 
in the younger age groups. 

Polythene provided a gliding surface and 
minimized readherence since excellent motion 
with full voluntary extension resulted in 50 per 
cent of the twelve cases in which it was used. 
(Table tv.) Useful motion with 20 to 40 degrees 
of voluntary extension was restored in the other 
six cases. Local swelling occurred as a reaction 
in one of the twelve patients, and local fluid 
was noted in two. 
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In all six of the late cases in which the 
“cinch” suture technic was used, useful 
extension with 20 to 30 degrees voluntary 
motion was restored. 


TABLE IV 
USE OF POLYTHENE* IN TREATMENT 
Age of Patients (yr.) No. of Cases 
19-30 3 
39-49 8 
59 I 


* Polythene was removed six to ten weeks postopera- 
tively in four patients. 


COMPLICATIONS 


The internal splint permitted early use of 
the treated hands. Thus, the adjacent fingers 
were permitted full function and the hands 
were not encumbered by an outside mechanical 
appliance. There was no migration of the wire 
since the internal splint fixed all three phalanges 
of the finger holding the two interphalangeal 
joints immobile. No breaking of the wires 
was encountered. In one case the pin was bent 
by sudden extreme forced flexion. Here the 
pin was bent back straight before withdrawal. 

Local swelling of the finger was observed in 
only four patients, all of whom were in the 
fifty year old age group. Prolonged symp- 
toms, persisting six months, consisting of 
aching through the distal joint, local soreness 
of the treated finger across the dorsum of the 
middle phalanx, and residual stiffness of the 
finger following treatment were noted in 
eleven patients aged forty-two to sixty-one. 
Prolonged stiffness of all the fingers of the 
involved hand was encountered in only four 
patients, aged forty-nine to sixty-four years. 
The stiffness subsided after several months, 
and in only one patient, age forty-nine, was 
the motion of the middle joint, proximal inter- 
phalangeal, limited to 75 degrees of voluntary 
and passive motion one year after the period 
of splinting. Care was taken not to immobilize 
the middle joint in more than 60 degrees of 
flexion, and not to hyperextend the distal 
joint. This minimized the temporary stiffness 
in the middle joint and prevented any patch 
of compression gangrene across the dorsum 
of the distal joint. 

Temporary pin irritation, local in the skin 
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on the dorsum of the proximal phalanx, was 
encountered in two cases; both patients were 
in their twenties and were quite active. This 
was relieved by cutting the pin off 1 or 2 mm. 
shorter. This skin irritation was obviated in 
subsequent cases in the series. No irritation 
was experienced at the tip of any of the 
fingers. 

In three of the twelve cases in which poly- 


thene film was used, local irritation was noted, ~ 


consisting of local swelling in one and local 
serous fluid in two. The polythene was re- 
moved six to ten weeks postoperatively in four 
patients. It is recommended by Bunnell 
that the polythene be removed routinely since 
it serves its useful purpose within six weeks by 
establishing a smooth surface for the repaired 
tendon to glide upon. 


CONCLUSIONS 


The internal splint provides the most satis- 
factory complete immobilization of the finger 
in the desired position with minimal difficulty 
for patient and operator. The method of 
treatment in the individual case depends on 
the time interval since injury, age of the 
patient and the presence of a fracture. Useful 
motion was restored in the majority of cases. 
More motion in the distal joint was obtained 
in the younger age groups. Fractures com- 
plicated the functional recovery, but were a 
minimal factor when reduced. Local swelling 
or temporary stiffness of the fingers in the 
older age group was minimal. No damage to 
the joint or loss of function has resulted from 
the use of the Kirschner wire internal splint. 
The use of polythene, especially in late cases, 
has minimized re-adherence of the damaged 
extensor apparatus over the middle phalanx 
of the finger. The use of a “cinch” suture 
rather than resection of paratenon scar in 
late cases offered more function of the extensor 
apparatus. The guide has been a very im- 
portant adjunct in proper placement of the 
internal splint. 

Drop finger deformity has little or no in- 
fluence on strength. Any weakness of grip 
has been related to soreness of the joints or 
local swelling and stiffness of the fingers. 
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DISCUSSION 


H. Minor Nicuots (Portland, Ore.): When Dr. 
Pratt first gave his method of treating mallet 
fingers, I presented a somewhat different approach 
to this problem. I must confess that I have not 
tried his method. His series of seventy-five cases 
speaks for itself, and his honest presentation of the 
results obtained in treating what is really quite a 
difficult everyday problem is to be commended. 

To recapitulate, it certainly is true that there are 
several different types of disorders which may be 
encountered: for example, if the tendon is cleanly 
cut across by a sharp knife, it can be repaired 
immediately by a variety of methods and a good 
result obtained. On the other hand, if the tendon is 
torn loose, repair becomes more difficult; and if the 
patient does not present himself early, the tendon 
retracts. In many of these patients a flexion con- 
tracture of the distal joint develops. Furthermore, 
the problems arise of the tendon sticking, and also 
growing out and becoming too long. Shortening 
the tendon is not as simple as it sounds, and freeing 
it does not always make it slide well afterward. 
These two conditions often occur together. 
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I agree with Dr. Pratt regarding treatment of 


fractures. When a fracture is reduced, it must be 
held, and the more severe ones can only be held 
by some form of internal fixation. I have used his 
method and find it very satisfactory. 

In treating any of these patients, one must 
remember that the middle finger joint cannot be 
immobilized in extreme flexion. To do this is quite 
risky, inasmuch as a permanent flexion contracture 
of the middle joint will develop in about one of 
three cases. To relax the tension on the tendon, 
the proximal and middle joints of the finger should 
each be flexed about 60 degrees, which pulls 
the tendon down; then the end should be pushed 
up slightly and, as Dr. Pratt said, “don’t push up 
too hard.” 

My method is to use a tendon graft. I have 
changed my technic slightly since it was originally 
published. I now drill a vertical hole through the 
distal phalanx and run the incision around on the 
side of the finger far enough so I can reach in front 
of the phalanx with a hemostat and pull a loop 
of wire through the hole. I then thread a small 
slit-off piece of tendon or fascia through the hole, 
bring it around the phalanx, cross it on top, and 
then run it back and weave it into the tendon 
proximally. I try to adjust the tension on: this 
so it is a little tight; then I place the finger in a 
cast. 

I use a variance of this same principle for the 
so-called boutonniere type of injury. After making 
a wide dissection around the middle joint so that 
I can see exactly what I am doing, I drill a hole 
in the middle phalanx, again pull a loop of tendon 
through with a wire or needle; loop it together on 
top and weave it into the central strand of the 
extensor. 

I do not think my results are better than Dr. 
Pratt’s, although I once did because the first 
twelve or fourteen of my cases had satisfactory 
results. Then others began to refer the difficult 
cases to me; and as soon as I| saw patients with 
more complicated disorders such as contracture of 
the finger joints, the results were not as satisfactory. 

I recommend my operation for the boutonniere 
type of injury because it is simple and anatomic, 
and the results are satisfactory. 

I have not tabulated my results in treating the 
distal finger joint. Probably about 25 per cent 
have almost full flexion and full extension. A 
few patients do not seem to be improved after 
operation. Between these two extremes, there are 
quite a few who show improvement. I do not have 
enough late follow-ups to know. When you treat 
such a case, the patient who does not appreciate 
the problem either wanders away cured or goes to 
another doctor. Therefore, we are never certain 
of the eventual outcome. 


JosepH M. Dzios (Buffalo, N. Y.): We, too, 
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became very interested in Dr. Pratt’s novel way 
of internal fixation of the involved digit with 
hyperextension of the distal joint and acute 
flexion of the proximal joint. The first thing that 
we discovered was that there were such difficulties 
in inserting the pin that we were almost prompted 
to abandon the method. This was solved, however, 
before the appearance of the protractor aid, and I 
think that the introduction of the protractor 
simply indicates that other people were also 
having difficulty placing the pin through these 
very small bones. 

Our difficulties were solved, first, by substituting 
an electric drill for inserting the pin, because you 
can guide the pin so much better under an elec- 
trical stimulus applied in spurts; and second, by 
using two pins, one to traverse the distal joint, 
which you can always do without difficulty, and 
placing the second pin at the base of the middle 
phalanx, traversing the joint and going into the 
proximal phalanx. 

However, the method is fraught with com- 
plications, and I do not believe that one should 
leave the impression that it is a relatively simple 
matter to insert the pin. 

We have experienced the following complica- 
tions: (1) The pin migrates distally because, due 
to the lack of external fixation, the patient can 
use the other digits of the hand and thus will 
invariably employ some motion in the immobilized 
digit. Gradually a small degree of motion will 
develop and the pin will migrate distally with loss 
of fixation in the proximal phalanx. (2) Wires do 
break, at Ieast this has been our experience. The 
point at which they break is again the point of 
fixation of the wire into the proximal phalanx. 
(3) If one misplaces the wire, it can go in various 


directions, and we have inadvertently placed it 
(as I have seen on several of Dr. Pratt’s slides) 
between the end of the avulsed piece of bone and 
the point of normal insertion into the distal 
phalanx. Thus, if you have a Kirschner wire 
skirting between the bone and its normal place 
of insertion, it actually prevents that tendon from 
a normal insertion. That is corrected, of course, 
by immediately recognizing the false placement 
of the wire by x-ray and then reinserting it. (4) The 
worst complication is that of infection which may 
become serious if not recognized soon enough. In 
one case infection resulted in complete destruction 
of the distal phalanx and the head and neck of the 
middle phalanx; and in a second case in which we 
were forced to use two wires, infection occurred in 
the proximal interphalangeal joint with marked 
flexion contracture and ankylosis of that joint. 
The conclusions made after reviewing our studies 
(just completed within the last month) are that 
internal fixation is a good method of fixation pro- 
vided that the nail can be placed without the 
incident complications; that considerable exper- 
lence is necessary before one can accomplish this 
placement; and that the ideal method of treatment 
of mallet finger has not yet been described. 
Livincoop Mason (Chicago, III.): 
I think that Dr. Dziob’s last comment gives us the 
answer to this problem, we have not yet solved 
the problem of mallet finger. I have tried most of 
the methods which Dr. Pratt has described, with 
the exception of his own method. I am a bit 
hesitant about driving nails and pins through 
fingers, joints and tendon sheaths. The more 
patients I see with mallet finger, the more inclined 
I am to be very conservative and splint the finger 
in extension as well as I can, and hope for the best. 
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Intertrochanteric Fracture of the Hip 


D. Kay CLawson, M.D., San Francisco, California 


From the Stanford University Service, San Francisco 
Hospital, San Francisco, California. 

RACTURES at the intertrochanteric level of 

the hip joint have a tendency to heal 
rapidly because of abundant blood supply as 
compared with fractures of the neck of the 
femur, where the blood supply is deficient. 
Because of this fact the tendency to treat the 
intertrochanteric fracture of the hip lightly is 
rather common. With the advancing age of our 
population this fracture has become the most 
common inpatient fracture treated on the San 
Francisco City and County Hospital fracture 
service. Treatment of this fracture by open 
reduction and internal fixation is considered 
the treatment of choice. On the other hand, 
because of a large number of poor technical 
results following open surgery, we think it wise 
to review our results and re-evaluate the indi- 
cations for operative intervention in this type 
of injury. 

We first analyzed the entire group of frac- 
tures of the hip which had been treated on the 
Stanford Service of the City and County Hos- 
pital between January, 1950, and December, 
1954; 333 fractures of the hip were reviewed. 
These included only those cases in which the 
records were complete enough to give us some 
factual information. Of the 333 cases evaluated 
177 were classified as intertrochanteric frac- 
tures of the hip; nine of these cases were lost 
to follow-up; 168 cases were followed up be- 
tween two and six years, or until death. The 
analysis of these 168 cases compose the material 
for this report. 

The patients in our study represent a cross 
section of the patients treated in a large city 
hospital. Most of these are people from mar- 
ginal economic groups. Many are malnourished, 
have avitaminosis and many have chronic 
debilitating illness of one type or another to 
complicate treatment. The incidence of chronic 
alcoholism with its concomitant problem of 
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delirium tremens also creates a problem. The 
facts, however, which we can conclude from 
this study are not in any way affected by these 
factors and, we think, will still withstand 
scrutiny as far as their general application to 
the treatment of this type of injury is concerned. 


CLASSIFICATION 


We believe that all intertrochanteric frac- 
tures should be classified into two groups. The 
first is the stable intertrochanteric fracture, 
which is immediately amenable to open reduc- 
tion and internal fixation. The second, and 
important group as far as this study is con- 
cerned, is the unstable fracture which we 
believe, under certain circumstances, may be 
treated by open reduction and internal fixation. 
However, there is a portion of these unstable 
fractures which should not be operated upon 
and which is best treated by simple skeletal 
traction. 

The stable intertrochanteric fracture is one 
in which the medial cortex of the neck and 
shaft of the femur are in accurate contact with- 
out comminution or fracture of the lesser 
trochanter or compression deformity of the 
posterior portion of the neck and shaft. In this 
group of fractures, closed reduction is accom- 
plished easily and stable internal fixation using 
a nail and plate affords stability sufficient to 
allow the patient to be up from bed promptly 
and mobilized rapidly. (Figs. 1 to 3.) 

In the unstable intertrochanteric fracture 
there is no adequate stable contact between the 
medial portion of the neck and the medial shaft 
of the femur. (Figs. 4 to 6.) The most common 
reasons for lack of stability are (1) a fracture 
through the lesser trochanter with separation, 
(2) comminution of either the posterior portion 
of the neck or shaft, or both, and (3) compres- 
sion deformities through the cancellous struc- 
ture of the neck or shaft producing a dead 
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Fic. 1. Simple intertrochanteric fracture with solid union four months after nail and plate fixation. 
Stable fracture with excellent functional result. 


Fic. 2. Intertrochanteric fracture with separate fragments from the greater and lesser trochanters. 
The medial cortex is intact. Solid union in five months after nail and plate fixation. Stable fracture 


with excellent functional result. 


space. In this group of fractures it may be 
possible, by open surgical means, to realign 
the neck and shaft in an anatomic position and 
to hold them in this position temporarily with a 
nail and plate fixation apparatus. The stability 
of the fracture then depends entirely upon the 
structural strength of the metal fixation appa- 
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ratus. As a consequence bending of the metal 
fixation apparatus, fracture of the plate or dis- 
ruption of continuity between bolt and nail 
have been common. (Figs. 6 and 7.) A more 
important complication of internal fixation in 
the unstable fracture is the tendency for the 
metal fixation apparatus to keep the fracture 
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Fic. 3. Intertrochanteric fracture with fracture of the lesser trochanter. The medial cortex is intact 


factory functional result. 


3 surfaces apart, creating a situation which 
leads to delayed union and in some instances 
non-union. Despite the internal fixation appa- 
ratus, most of these fractures, if they heal at 
all, ultimately heal with a recurrence of varus 
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oh and solid union developed in four months after nail and plate fixation. Stable fracture with satis- 


Fic. 4. Intertrochanteric fracture with fragmentation of the greater and lesser trochanters with 
loss of continuity of the medial cortex. Clinical union in excellent position after treatment in bal- 
anced skeletal traction ten weeks. Unstable fracture treated in traction with excellent functional 
result. 


deformity, and a few of them will not heal until 
the internal fixation apparatus either breaks or 
is removed. (Fig. 7.) 

This simple differentiation, therefore, into 
the stable and unstable groups becomes very 
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Fic. 5. Comminuted intertrochanteric fracture with spiral subtrochanteric extension on medial 
cortex. Fracture united in fifteen weeks with skeletal traction. Unstable fracture with satisfactory 


functional result. 


Fic. 6. Unstable intertrochanteric fracture treated with nail and plate fixation. Non-union for six months until the 
nail and plate came apart allowing the fracture to unite. 


useful in determining the best method of imme- 
diate treatment of this type of injury. 


SYSTEM OF RATING 


We laid our major stress upon the functional 
end result as judged by the ability of the pa- 
tient to walk and care for himself outside an 
institution. The anatomic position of the hip 
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as judged by x-ray means little as compared 
with the self-sufficiency of the individual pa- 
tient. We have observed patients with excellent 
anatomic position on x-ray with a poor func- 
tional end result and, on the other hand, have 
seen excellent functional results with consider- 
able deformity noted on the x-ray film. Patients 
were classified as follows: class 1, in bed and 
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Fic. 7. Unstable intertrochanteric fracture treated with nail and plate plus screw fixation. Frag- 
ments held in distraction until the screw came out, then union occurred within two months. 


wheel chair; class 2, able to walk with crutches 
or two canes; class 3, able to walk with minimal 
support or with one cane, little or no pain, self- 
sufficient; class 4, able to walk without support, 
with little or no pain, limp or limitation of 
motion; essentially a normal hip. 


TABLE I 
END RESULT IN ONE HUNDRED CASES TWO TO SIX YEARS 
FOLLOWING FRACTURE 


Stable Fractures Unstable Fractures 
Class 
No. of No. of No. of No. of 
Males Females Males Females 
I 3 8 3 3 
2 4 9 3 2 
3 4 12 7 6 
4 II 22 ° 3 
Total 22 51 13 14 


One hundred cases were evaluated. Seventy- 
three of these cases were considered stable 
intertrochanteric fractures; twenty-seven un- 
stable fractures. The end results obtained in 
these one hundred cases are listed in Table 1. 

There were seventy-three stable intertro- 
chanteric fractures; twenty-two in males, 
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fifty-one in females. Twenty-four of these 
cases, or 33 per cent, were considered unsatis- 
factory functional end results. Forty-nine of 
these cases, or 67 per cent, were considered 
satisfactory functional end results. Twenty- 
seven of the one hundred cases evaluated were 
classified as unstable intertrochanteric frac- 
tures. Eleven of these, or 41 per cent, were 
considered unsatisfactory; sixteen of these 
cases, or 59 per cent, were classified as satis- 
factory end results. 


METHOD OF TREATMENT 


There were seventy-three stable intertro- 
chanteric fractures; sixty-one were operated 
upon and fixed internally; twelve treated in 
traction. There were twenty-seven unstable 
fractures; eighteen of these were operated 
upon; nine treated in traction. The functional 
end results obtained are given in Table u. 
The end results obtained in the stable frac- 
tures treated by internal fixation are, by and 
large, the best. We would point out, however, 
that the end results in the unstable, more com- 
plicated fractures treated by internal fixation 
are comparable to the same group treated in 
traction, making one question the advisability 
of routine open reduction and internal fixation 
in the unstable group. The end results demon- 
strate, as would be expected, that the younger 
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individual has a better chance of a good func- 
tional end result than the older patient. The 
average age of patients in class 4 was 63.5 years, 
compared with the average age of 74 years 
for patients in class 1. However, there were 


TABLE I 
Stable Unstable 
Class 
| Surgery | Traction | Surgery | Traction 

I 9 3 4 

2 10 3 4 o 

3 13 3 9 4 

4 29 4 2 I 
Total 61 12 18 9 


exceptions; in class 4 one patient was ninety 
and three patients were in the eighties. 


OBSERVATIONS 


Age and Sex. One hundred two females 
and seventy-five males were treated. The ratio 
of 3:2 is similar to series reported by most 
authors. The average age for the women was 
seventy-three years and the men sixty-eight 
years, with a range from twenty-nine to 
ninety-nine years. 

Mortality. Forty-four patients, with an 
average age of seventy-seven years, died 
within the first three months following fracture. 
Twenty-two were men and twenty-two women. 
The mortality rate is 25 per cent higher for 
men than women. The majority of the men 
died within the first three weeks following 
injury, while the majority of the women died 
in the period from one to three months after 
injury. 

The mortality rate was 18 per cent for 
those patients who were operated upon and 
43 per cent for those not operated on, but 
these figures simply indicate that the more 
complicated medical problems were not oper- 
ated upon. The immediate postoperative 
mortality as judged by deaths within the 
first three postoperative weeks was 8.5 per cent. 

An additional twenty-three patients died 
within two years following injury and only 
one of this group was ambulatory without 
crutches prior to death. Thus 40 per cent of 
all patients with intertrochanteric fractures 
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died within two years after the fracture without 
ever walking unassisted. Of these, 26 per cent 
died within the first three months. 

An additional fourteen patients died within 
two to six years after treatment for their 
initial injury, but sufficient information was 
available during the interval to include them 
in our series. If one adds the total mor- 
tality, less than half of our patients were alive 
at the time which we arbitrarily chose for 
rating, namely, two to six years after initial 
injury. 

Morbidity. Twenty-one of the one hundred 
patients rated were treated by skeletal traction. 
All but one of the fractures showed evidence 
of bone union within eight to twelve weeks, 
and in that latter case solid bony union was 
evident within fifteen weeks. Only four of 
these fractures healed in anatomic position. 
The remainder all healed in some degree of 
coxa vara deformity. 

The average length of hospitalization for 
patients treated in traction was three and one- 
half months, the average time to reach class 3 
or class 4 status was five months. Seventy-nine 
patients were treated by open reduction and 
internal fixation, using a nail-plate fixation. 
The average time for union of the fracture was 
five months. The average length of hospitaliza- 
tion was three months. The average time to 
reach class 3 or 4 was eight months. 

It is pertinent to compare the stable frac- 
tures treated by internal fixation with the 
unstable fractures treated by internal fixation. 
Sixty-one stable intertrochanteric fractures 
were treated by open reduction. The average 
time for union of the fracture was five months. 
The average length of hospitalization was 
two and one-half months. The average time 
to reach class 3 or 4 status was seven months. 
Eighteen unstable fractures were treated by 
open reduction. The average time for union 
of the fracture was eight months. The average 
hospital stay was four months. Only six 
patients reached class 3 or 4 status and the 
average length of time required was eleven 
months. 

Complications. Infection: Superficial infec- 
tion at the site of pin traction was not uncom- 
mon, but this could be obviated by prompt 
recognition and shifting of the position of the 
traction pin. Only one pin tract infection of 
any magnitude developed in the series treated 
by skeletal traction. Of the operated cases 


é 
» 
4 
} 
| 
{ 
ay 
7 
“a 


Clawson 


Fic. 8. Sixty-eight year old patient 
balanced suspension traction. 


two infections resulted in a localized osteo- 
myelitis and here both results were disastrous. 

Coxa vara: Displacement of the fracture 
surfaces into a coxa vara position was seen 
commonly in those patients treated with 
skeletal traction alone. Seventy-nine cases 
were treated by internal fixation and thirty-two 
of these ultimately healed in a coxa vara 
position also. Twenty-two of these cases were 
fixed initially in anatomic position, only to 
slip into a coxa vara position before solid 
bony union developed. Five of these cases 
resulted in a delayed union and did not heal 
until either the nail plate broke or was re- 
moved, and all the fractures promptly united 
following disintegration of the internal fixation 
apparatus. (Figs. 6 and 7.) 


COMMENT 


The result of our study shows that there is no 
reason to conclude that open reduction and 
internal fixation should be accepted as the 
routine method of treatment of fractures of 
the intertrochanteric level. Treatment by 
skeletal traction also has its place. 

In the stable intertrochanteric fracture, open 
reduction and internal fixation of the fracture 
fragments, irrespective of the apparatus used, 
is preferable and affords a superior end result. 


comfortable in bed in properly applied 


The functional end result is better, the mor- 
tality is lower, the morbidity, as judged by the 
comfort of the patient during convalescence 
and the length of hospitalization, is lowered. 
These patients, although in the older age 
group, tolerate surgery much better than they 
do prolonged bed rest. The mere factor of 
age is no contraindication to surgical inter- 
ference. Surgical interference, when it results 
in complete stability of the fracture, is actually 
the conservative treatment and treatment of 
choice. 

The unstable fracture group presents an 
entirely different problem. We are beginning 
to conclude that this type of fracture, es- 
pecially the more severe grade, is best treated 
by simple skeletal traction, rather than by 
open surgery. Rarely must the traction force 
be maintained more than ten weeks. Most of 
these people can be made ambulatory with 
crutches within ten to twelve weeks. Good 
nursing care is essential to treatment in bal- 
anced suspension traction. Traction does not 
mean immobilization of the patient. We prefer 
to keep the injured extremity balanced in a 
Thomas splint with a Pearson attachment, 
using 10 to 16 lb. of longitudinal traction force, 
depending upon the size of the patient. (Fig. 
8.) Adjustment of the traction to main- 
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tain neutral rotational position is necessary. 
Initial check x-rays to judge position of the 
fracture fragments are made within twenty- 
four to seventy-two hours and the traction 
forces adjusted accordingly. Early callous 
formation is evident usually by the third week. 
All these patients are encouraged, and actually 
supervised, in a program of bed exercise. The 
muscles of the lower leg, foot and ankle are 
moved actively and against resistance many 
times a day. Quadriceps setting exercises are 
begun early and encouraged each hour. The 
uninvolved portions of the body are exercised 
in bed and sitting up exercises are especially 
encouraged. This whole method of treatment 
can be carried out in the home with the coopera- 
tion of the family. This method of treatment 
does require daily attendance of the physician, 
but if properly carried out the results in the 
end justify the effort expended. 

Surgical attempts to obtain solid internal 
fixation in the unstable intertrochanteric 
fracture quite frequently result in a prolonged 
frustrating operative procedure with excessive 
blood loss. All too frequently at the end of 
several hours effort it is quite obvious that a 
stable internal fixation has not been obtained 
and the patient still has to be treated in a 
traction apparatus. The use of internal fixation 
frequently results in a delay of union that may 
last from four months to even a year. In this 
group of patients, although the initial post- 
operative x-ray may show anatomic relation- 
ship of the neck to the shaft, later, due to the 
normal forces of muscle pull, the nail may dig 
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its way out of the head or protrude through 
the head into the acetabulum. 

Because of the number of complications 
which have become apparent in evaluation of 
the group of unstable intertrochanteric frac- 
tures treated by open surgical methods, we 
are developing a firm opinion that the treat- 
ment of choice for the unstable intertro- 
chanteric fracture is skeletal traction alone. 
Although we recognize the essential value of 
early mobilization out of bed for this type of 
patient, we do not believe that internal fixation 
can be relied upon to afford sufficient stability 
in the unstable fracture to warrant routine 
open reduction and internal fixation. 


SUMMARY 


1. The mortality and morbidity following 
intertrochanteric fractures of the femur appear 
to be higher than is generally recognized. 

2. Although the functional end result is 
better in younger patients, excellent functional 
results can be obtained in the eighth and 
ninth decades of life. 

3. In the group of stable intertrochanteric 
fractures, mortality and morbidity can be 
reduced and functional end results improved 
by early operation and the use of internal 
fixation apparatus. 

4. In the unstable intertrochanteric fracture, 
more rapid union with less complication and 
generally good functional end results can be 
obtained by the use of skeletal traction. We 
believe that this method is the treatment of 
choice for this group. 
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Primary Bone Graft with Pinning 
of Intracapsular Fractures of the Femur 


N. J. GIANNESTRAS, 


From the Fracture and Orthopedic Department of the 
Good Samaritan Hospital, Cincinnati, Obio. 
{ign presentation is in the form of a pre- 
liminary report since, up to the present 
time, the combined operation of primary bone 
graft with hip pinning has been performed in 
fifty-five patients during the past four and 
one-half years. Every patient selected for this 
operation has had either a subcapital or an 
intracapsular fracture of the hip. Of this num- 
ber of patients, thirty-eight have had a mini- 
mum follow-up of sixteen months and a 
maximum follow-up of four and one-half years 
postoperatively. No attempt has been made 
to follow up these patients longer than four 
years since it is believed that if either aseptic 
necrosis, non-union, or both, will develop, 
these processes will have done so within this 
period of time. The development of avascular 
changes five, seven or ten years after hip 
pinning should not be attributed to the frac- 
ture, since similar changes have been known to 
develop in so-called normal hips over a similar 
period of time following some mild hip injury. 
The procedure is not a new one. It was 
originally reported by Thomas King in the 
British Journal of Surgery in 1939. In his series 
of fifty cases, he reported the development of 
non-union in 10 per cent and avascular changes 
in 28 per cent. Furthermore, in a later article 
published in February, 1950, he stated that 
avascular changes had developed in 42 per cent 
of thirty-one of these original patients. In this 
second article he recommended primary sub- 
trochanteric osteotomy along with nailing as 
the treatment of choice; in this latter group of 
patients avascular necrosis had developed in 
only 4 per cent. In a subsequent personal com- 
munication of a follow-up study he conducted 
in June, 1956, he stated, “A late follow-up 
showed that this conclusion was wrong.”’ James 


M.D., Cincinnati, Obio 


Patrick reported on a series of forty-seven 
cases with a minimum follow-up period of at 
least two years. Non-union occurred in 13 per 
cent of these patients and avascular necrosis 
in 14 per cent. Patrick has discontinued the 
procedure because of technical difficulties. 
experienced by his associates and the fact that 
the end results did not warrant the additional 
surgery. Fischer reported satisfaction with the 
use of this method but did not present any 
follow-up study. 

In spite of these papers by very capable men 
suggesting that the procedure did not improve 
the rate of union or the avascular necrosis 
sufficiently to warrant continuation of this 
operation, the author’s experience has been 
such as to question this conclusion. Therefore, 
this study will present not only the end results 
to this date but also pose several questions as 
to the possible reasons for the definite improve- 
ment in the rate of union and the slight diminu- 
tion in the rate of avascular necrosis. Further- 
more, if by analyzing the failures, one can find 
one minute fragment of information which will 
diminish the rate of necrosis of the caput, 
since union, per se, no longer appears to be the 
major problem, then “one further step has 
been taken in the right direction,” as Dr. 
James Dickson has so aptly put it. 


METHOD OF REDUCTION 


Before proceeding to the analysis of the end 
results, certain basic principles of reduction 
should be re-emphasized. First, there must be 
adequate reduction of the fracture. This does 
not mean anatomic reduction, but rather what 
the author prefers to term “functional reduc- 
tion,” whereby the neck is displaced inside and 
under the head of the femur according to 
McElvenny’s principles and Pauwels’ concepts. 
Furthermore, in the lateral view the head 
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should be pointing slightly above the greater 
trochanter. (Fig. 1.) On observing the illustra- 
tions in the papers by the previously mentioned 
authors, such reduction is not seen nor does it 
appear to have been considered by any of them. 
This one step alone could very well account for 
the presence of non-union even in patients in 
whom aseptic necrosis had not developed. 

In order to obtain functional reduction, the 
patient is placed on the fracture table with both 
lower extremities abducted to an angle of 
45 degrees, the perineum impinging against 
the perineal post, and the feet tied to the foot 
plates in a position of external rotation. Trac- 
tion, of sufficient amount to cause the adduc- 
tors to become rather taut and prominent, is 
first applied to the normal extremity. The 
application of this amount of force will cause 
the pelvis to shift and the perineal post to 
impinge against the inguinal region of the 
involved hip. Following this a similar amount 
of traction is applied to the fractured extremity 
until, again, the adductors are rather taut. 
Then, and then only, is the involved extremity 
internaliy rotated so that the patella points 
to the opposite leg. The next step is a very 
important one. With the involved extremity 
still in the original abducted position strong 
pressure is applied on the lateral aspect of the 
thigh just below the greater trochanteric 
region with counterpressure on the inner aspect 
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Fic. 1. A, functional reduction as demonstrated by the arrows. The neck is reduced inside and under the head in the 
anteroposterior view; B, in the lateral view, note the position of the head in relationship to the greater trochanter. 
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of the knee. By performing this maneuver the 
neck is displaced inside and under the head. 
The entire extremity is then permitted to 
swing into neutral adduction and roentgeno- 
grams are taken. If functional reduction is not 
achieved initially in both the anteroposterior 
and lateral views, it should be attempted a 
second or a third time until the ideal position 
has been secured. 


OPERATIVE PROCEDURE 


The exposure of the trochanteric and sub- 
trochanteric region of the hip will not be fully 
described since it is well known. Suffice it to 
say that the vastus lateralis is reflected ante- 
riorly and not split. 

The proper insertion of the nail, regardless of 
the type, should be given definite thought and 
consideration. Ideally, and of course the ideal 
is not always achieved, the nail should be 
inserted low, along the calcar femoral, and into 
the head to the level of the subchondral bone 
at an angle of at least 130 to 145 degrees in 
relationship to the shaft. The guide pin, over 
which the nail is fed, should therefore be in- 
serted below the greater trochanter into the 
neck and head and into the acetabulum, thus 
transfixing the head and assuring maintenance 
of the reduction during the insertion of the nail. 

While the different series of roentgenograms 
are being developed, the fibula on the same side 
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Fic. 2. Calibrated, cannulated drills used to prepare the bed for the bone 


graft and cannulated impactor which is used to tap the graft gently into the 
trochanteric region, neck and head of the femur. 


is exposed subperiosteally between the bellies 
of the flexor digitorum longus and the peroneus 
longus and brevis along the anterior inter- 
muscular septum. The ‘shaft is exposed for a 
distance of at least 4 inches at its middle third. 
This portion of the fibula is totally resected. 
Bleeding is, at most, only moderate and its 
control is not difficult. The procurement of this 
graft prolongs the procedure ten to fifteen 
minutes at most and therefore does not, in this 
author’s estimation, add to the shock of the 
entire operation. 

If the roentgenograms demonstrate that the 
nail is properly placed in both views, a second 
guide wire is inserted parallel to the first but 
lg inch proximally. A graduated cannulated 
drill is then used to drill a hole through the 
neck and into the head of the femur, compar- 
able to the diameter of the graft unless the 
diameter of the fibula is too large to be accom- 
modated within the neck. Should this latter 
situation occur, the fibula should be split. 
The length of the graft should be 14 inch 
shorter than that of the nail. The fibula is fed 
over the second guide wire or parallel to it. A 
specially made impactor is used to tap the 
graft gently into place. (Fig. 2.) Final roent- 
genograms are then taken and if they are 
satisfactory, both guide wires are removed. 
The proper fitting of the graft is important 
since if it is driven in either too tightly or to 
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the subchondral level, the graft itself is liable 
to produce marked impaction of the cancellous 
bone and thus lead to an osteochondritis dis- 
secans of the immediate portion of the head of 
the femur overlying the graft. This along with 
the development of aspetic necrosis, occurred 
in one patient, thirty-nine years of age, in 
which case the author distinctly remembers 
that the fibula was impacted into the head of 
the femur with a great deal of force. 

Function of the Graft. One may very well 
pose the question at this time, “‘Why the inser- 
tion of the bone graft and what is its probable 
function?” It is well known that in viable 
cancellous bone, a trifin nail or any type of a 
pin acts as an immobilizing factor only for the 
first few weeks since fixation depends upon the 
pressure of the nail into the surrounding bony 
structures. In view of the fact that bone into 
which the nail is inserted is entirely cancellous 
in structure, absorption and subsequent loss of 
complete immobilization is tmevitable. Fur- 
thermore, the torsional stresses and strains 
which occur within the hip joint upon move- 
ment during the period of convalescence 
further add to the loosening of the nail. There- 
fore the effect of the graft is twofold. First, it 
helps to overcome the toggling effect of the 


‘head on the neck since there is additional 


fixation. Secondly, as the absorption goes on 
about the nail, fusion of the fibula with the 
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surrounding bone takes place thus maintaining 
the proper immobilization which is so necessary 
for the healing of any fracture. 

It is still too early in the study to make any 
final conclusion as to what effect the bone graft 
has on avascular necrosis. King in 1940 stated, 
“The blood vessels that exist and those which 
develop later from the cut femoral shaft should 
nourish the head and neck at the site of frac- 
ture. In Putti’s interesting monograph there 
are a number of illustrations that emphasize 
this point, which appears to be an important 
reason for the success of a subtrochanteric 
osteotomy in causing bone union of an old or 
ununited fracture.” If this theorizing is correct, 
and over the years a large number of ortho- 
pedists have accepted it as such, then the 
drilling of a hole through the highly vascular 
trochanteric region and into the relatively 
avascular head plus the insertion of a bone 
graft should further enhance the establishment 
of new vascular channels and help to diminish 
the rate of avascular necrosis. 


ANALYSIS 


An analysis of this procedure to date reveals 
the following facts. Of the thirty-eight patients 
included in this study five have died, although 
none of the deaths was postoperative in nature. 
The earliest death occurred one month post- 
operatively and was cardiovascular in nature. 
In another of these patients the nail had backed 
out and only the graft held the head in position. 
Two patients have been lost to follow-up, one 
stating that she saw no reason to return for 
further roentgenograms since her hip was 
causing her no discomfort and the other simply 
did not care to have any further medical care 
although her hip was painful. One patient has 
been excluded from the study since she began 
walking on the hip without crutches three and 
one-half weeks postoperatively due to the lack 
of supervision at home, thus tearing the nail 
out of the head and fracturing the graft. There- 
fore thirty patients will be used in this analysis. 
Of this group, four patients have had an aver- 
age follow-up of four years, thirteen of three 
years, three of two years, and ten of sixteen 
months. (Table 1.) 

Position of Fracture. The fracture was 
located in the neck of the femur in nine pa- 
tients. In one of these the neck was markedly 
comminuted and the patient was twenty-nine 
years of age. Of this group five demonstrated 
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a Pauwels 1 type of fracture; two a Pauwels 11 
and two a Pauwels 111. The other twenty-one 
patients all had a subcapital type of fracture; 
two of these patients demonstrated a Pauwels 1 
angle, eleven a Pauwels 1 angle (in one of 
whom the neck was markedly comminuted as 
well) and eight a Pauwels 111 angle. (Table 1.) 


TABLE 1 
PERIOD OF FOLLOW-UP 


Average Period | No. of Patients 


TABLE II 


POSITION OF FRACTURE AND PAUWELS ANGLE IN 
THIRTY CASES 


purr Fractures of | Subcapital 
the Neck Fractures 
11* 


* One comminuted. 


TABLE III 
RATE OF UNION IN THIRTY CASES 


Results No. % 


Solid union permitting full weight 


Un-united but with avascular necrosis 

of the head developing within 1 yr. . 2 6.6 
United and demonstrating viable head | - 

permitting full weight bearing...... 28 100* 

* See text. 


Rate of Union. Union occurred in all but 
two of the patients. In other words the rate of 
union was 93.4 per cent in these thirty intra- 
capsular fractures. Furthermore, if one takes 
into consideration that the two failures oc- 
curred in patients in whom early avascular 
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TABLE IV 
ANALYSIS OF OCCURRENCE OF AVASCULAR NECROSIS WITH UNION 


ra = Date Type of Fracture Necrosis First Demonstrated Logan 
83 9/7/52 Subcapital, Pauwels 111 7/1/55 34 

68 1/16/53 | Neck, Pauwels 1 12/7/55 35 

70 2/3/53 Subcapital, Pauwels 111 9/16/53 7 

39 6/12/53 | Neck, Pauwels 111 ; 5/22/56 35 

29 6/15/53 | Neck, comminuted, Pauwels 5/20/56 35 

80 7/5/55 Subcapital with comminuted neck, Pauwels 11 5/26/56 114 


necrosis had developed, then union was present 
in all patients whose femoral heads remained 
viable. Therefore the rate of union in this latter 
group is 100 per cent. (Table 111.) 

It would seem from the study of this small 
number of cases, therefore, that functional 
reduction of the fracture according to McEI- 
venny’s principles with the use of a bone 
graft will lead to union of all intracapsular 
fractures unless avascular necrosis intervenes. 
Without the use of the graft but still achieving 
functional reduction the author’s results were 
not as good. Weight bearing was not permitted 
in any of these thirty patients until there was 
definite evidence of union roentgenographically. 

Rate of Avascular Necrosis. Necrosis de- 
veloped in eight of these patients, a failure rate 
of 26.6 per cent. This, certainly, is no improve- 
ment over any other method of treatment. 
Now then, let us analyze these failures. In the 
two patients in whom non-union developed 
along with the necrosis, the latter process 
was demonstrable roentgenographically within 
three months in one patient and within nine 
months in the other. In a third case avascular 
necrosis was demonstrated within seven months. 
Could it be possible that in each of these in- 
stances avascular necrosis was already present 
and that the fracture of the hip occurred be- 
cause of its presence? We very well know that 
early bone changes are not demonstrable by 
x-ray. In fact, some roentgenologists believe 
that there must be involvement of at least 
25 per cent of the bone before any changes can 
be seen. If such a theory should be true, and it 
is tenable, then necrosis was inevitable and 
these three failures cannot be attributed to the 
procedure. This is only surmise and the author 
is not discounting these three cases from the 
total percentage rate. 


Regarding the other six in whom union was 
present, the age of the patient, the type of 
fracture, the date and number of months before 
avascular necrosis was demonstrated are shown 
in Table 1v. These are evenly divided between 
subcapital and neck fractures. The two younger 
patients, one twenty-nine years of age and the — 
other thirty-nine years of age, both suffered 
severe injuries; the former was pinned under 
a tractor when it overturned and the latter fell 
from a third floor level while cleaning windows. 
Both of them demonstrated union of the frac- 
ture site and had returned to work, one as a 
farmer and the other as a construction laborer. 
Certainly the forces which caused these two 
fractures were much different than those which 
produced a fracture in some of the elderly 
people. In two of these cases the neck was 
comminuted. (Fig. 3.) Furthermore, avascular 
necrosis was evident within eleven and one-half 
months in the eighty year old patient who had 
suffered a comminuted fracture and within 
thirty-five months in the twenty-nine year old 
farmer. Whether avascular necrosis would be 
more likely to occur in such an instance is 
unknown but the fact is presented as part of 
the analysis. It would also appear that com- 
minution of the neck does not predispose to 
non-union since both of these hips united. 

An interesting case and one which may help 
to strengthen the premise that the addition 
of the bone graft helps to decrease the rate of 
aseptic necrosis is presented in detail. Although 
this is a single case, it is of sufficient interest 
to be reported. 


A. M., a sixty-seven year old married woman, 
first presented herself on March 5, 1951, com- 
plaining of pain in the right hip. Three years 
previously she had undergone colostomy, resection 
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Bone Graft with Pinning of Femoral Fractures 


Fic. 3. A, lateral view of markedly comminuted neck of femur of a twenty-nine year old white man 
in whom avascular necrosis of the head of the femur developed thirty-five months after fracture. 
B, anteroposterior view of markedly comminuted neck of femur of an eighty year old woman in 
whom avascular necrosis of the head developed eleven and one-half months after fracture. 


Fic. 4. A, no evidence of any fracture in spite of pain in the right hip. B, x-ray of the right hip September 13, 1951, 


at which time there was evidence of a subcapital fracture.. 


and intensive x-ray therapy for carcinoma of the 
colon. Roentgenograms taken at this time (March 
5, 1951) were negative. (Fig. 4A.) However, the 
patient was advised to return for further x-rays 
in six weeks since the possibility of a metastatic 


lesion was naturally suspected. The patient, how- 
ever, did not return until September 13, 1951, 
at which time she stated that she had had intense 
pain in her right hip for the past week. Roent- 
genograms revealed a fracture, truly subcapital 
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Fic. 5. A and B, anteroposterior and lateral views one week postoperative, demonstrating func- 
tional reduction of the fracture and insertion of Smith-Petersen nail but no bone graft. 


Fic. 6. A and B, x-rays of the right hip March 21, 1956, demonstrating definite evidence of 
avascular necrosis. 


in type. (Fig. 4B.) The patient was hospitalized 
and reduction and hip pinning were performed. 
Figures 5A and 5B demonstrate the fracture two 
weeks postoperatively and one can note that all 
the requirements of functional reduction have 
been fulfilled. Weight bearing was permitted 


within seven months since the fracture appeared 
united roentgenographically. The patient showed 
no evidence of a metastatic lesion in subsequent 
films, and it was concluded therefore that this 


was a pathologic fracture due to intensive radiation 
therapy. 
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Bone Graft with Pinning of Femoral Fractures 


At approximately fourteen months after the 
pinning the patient notified me that she had begun 
to have a recurrence of pain in the right hip. She 
was advised to report for further x-ray examination. 
Finally on March 21, 1953, eighteen months post- 
operatively, she came in and the roentgenograms 
revealed the presence of union of the fracture 
site but, in addition to this, early avascular 
necrosis (Figs. 6A and 6B) in the usual upper 
outer quadrant of the head of the femur. The 
patient was placed on crutches and advised to 
bear no weight on that extremity for the next 
few months and to report for additional roent- 
genographic studies in three months. Subsequent 
x-ray plates revealed no further fragmentation or 
flattening of the head but if the patient attempted 
to place any weight on the right lower extremity, 
even with crutches, she noted very definite pain. 

On June 29, 1954, she came in stating that she 
had been having pain in her left hip for the past 
few days. X-ray films revealed definite but very 
early evidence of an early pathologic fracture of 
the left hip. The patient was advised that further 
surgery was necessary but she demurred. On 
November 5, 1954, five months later, she was 
brought to the hospital by ambulance because of 
inability to bear weight on the left lower extremity; 
roentgenograms revealed a subcapital fracture of 
the left hip. (Fig. 7.) As can be seen it was prac- 
tically a duplicate of the fracture of the right hip. 
On this occasion primary bone: graft and hip 
pinning were performed. The patient’s post- 
operative course was uneventful. She was kept 
at absolute non-weight bearing for three months 
but at the end of this period she insisted upon 
becoming ambulatory. She was permitted to bear 
partial weight on both lower extremities with the 
use of a walker although it was realized that the 
left hip was not as yet united. The patient at no 
time complained of pain in her left hip but within 
a few weeks the discomfort in her right hip re- 
curred. She was advised that the only alternative 
was the insertion of a hip prosthesis. Because of 
the intensity of the pain she agreed and accordingly 
a F. R. Thompson hip prosthesis was inserted. 
Figures 8A and 8B reveal the situation as of May 
2, 1956, eighteen months after the second hip 
pinning. There is no evidence of avascular necrosis 
of the left hip so far. The graft and nail are well 
emplaced and union is present. Roentgenograms 
taken twenty-three months postoperatively, did 
not reveal any evidence of avascular necrosis. 
The ultimate results, however, will be revealed by 
the roentgen plates three years and four years 
postoperatively. 


SUMMARY 


In this series of thirty cases union of the 
fracture occurred in all of the patients in whom 
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Fic. 7. X-ray of the left hip November 5, 1954, demon- 
strating a subcapital fracture of the left hip similar to 
that in Figure 6. 


no avascular necrosis of the head developed 
(100 per cent). 

Non-union occurred in two patients (6.6 per 
cent); however, in both instances early avascu- 
lar necrosis developed, one within three months 
after the occurrence of the fracture and the 
other within seven months. 

Avascular necrosis occurred in a total of 
eight patients (26.6 per cent). An analysis of 
these cases brings out certain possibilities: (1) 
early avascular necrosis may be the cause 
rather than the result of the fracture in some 
instances as evidenced by its early appearance 
following fracture; (2) the intracapsular frac- 
tures of the hip in young adults are more likely 
to result in avascular necrosis since the forces, 
stresses and strains which produce the fractures 
are entirely different; (3) avascular necrosis 
should be considered as potentially more 
likely to develop in comminuted intracapsular 
fractures. 

Functional reduction is of absolute impor- 
tance in the attainment of union of the fracture. 

No postoperative deaths occurred in this 
series of cases and, because of the antibiotic 
therapy available no infections, other than an 
occasional suture abscess, developed. 
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Fic. 8. A and B, anteroposterior and lateral views of both hips demonstrating the Smith-Petersen nail and bone 


graft in the left hip with no evidence of avascular necrosis, and the presence of an F. R. Thompson prosthesis in the 
right hip. X-rays taken on February 14, 1956. Note that in the left hip there is definite union with incorporation of 


the bone graft in the trochanteric region, head and neck. 


CONCLUSION 


Does the bone graft prevent non-union? 
The answer is unequivocally “yes,”’ providing 
that functional reduction is achieved in both 
the anteroposterior and lateral views since the 
graft helps to overcome the toggling effect 
which the nail cannot control regardless of the 
type; furthermore the graft becomes fused 
to the surrounding bone by the time the nail 
loses its firm grip in the viable cancellous 
bone. 

Neither the graft nor functional reduction 
has provided the complete answer regarding 
avascular necrosis. It is the author’s guarded 
opinion that over a longer period of time and 
with a larger number of cases, the rate of 
necrosis will be diminished, but that in a cer- 
tain percentage of intracapsular fractures of 
the hip avascular necrosis will inevitably 
develop irrespective of the therapeutic regimen. 
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From the Department of Surgery, Washington University 
School of Medicine, St. Louis, Missouri. 


—— nailing of fractures of the 
tibia, unlike that of fractures of the femoral 
shaft, has not gained a widespread application 
in American surgery. Many bone and joint 
surgeons use the method sparingly or not at all 
for various reasons. These include the follow- 
ing: unfamiliarity with the method; complica- 
tions which developed in the first few cases, 
perhaps from errors in technic; the fact that 
plaster immobilization is necessary even with 
intramedullary nailing; and satisfaction with 
other methods for the treatment of this, at 
times, complex injury. 

Outstanding contributions toward intra- 
medullary nailing of fractures of the tibia have 
been made by Lottes of St. Louis, although 
Kuntscher, Bohler, Rush, and others earlier 
reported experiences with this method. Lottes 
in 1949 patterned a nail for fractures of the 
tibia somewhat comparable with a long Smith- 
Peterson nail. Employing Kuntscher’s technic 
essentially, he was able to report eighty-one 
united fractures in eighty-one of eighty-nine 
patients whom he could follow up. Based on 
Lottes’ fine work and teachings, this method 
has now been used in repairing approximately 
600 fractures of the tibia and fibula in the 
St. Louis area. It is the purpose of this report 
to present conclusions based upon fairly liberal 
use of the method personally and from obser- 
vations on its use by residents and attending 
surgeons on several teaching services. 

The Lottes tibial nail in cross section shows 
a heavy core with three heavy phlanges. It 
comes in assorted lengths and in 3¢ and 5g inch 
diameters. The proximal and distal fifth of the 
nail are slightly curved. The nail is made of 
stainless steel sufficiently malleable to permit 
the ongoing distal fifth to straighten out 
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slightly during insertion and even to permit 
postoperative manual bending of the nail at 
the level of the fracture to improve alignment 
if necessary. This relative malleability of the 
nail is a most significant favorable factor in its 
design and construction. 


APPLICABILITY OF THE METHOD 


This method is applicable in the treatment of 
most unstable fractures in the middle two 
fourths of the tibia and occasionally in frac- 
tures slightly above or below these limits. It is 
quite applicable in the management of frac- 
tures with moderate comminution, including 
those with a fairly large butterfly-shaped 
fragment, and particularly in double and triple 
fractures. It may also be used in the manage- 
ment of selected spiral oblique fractures espe- 
cially those near the midpoint of the bone. 

It is applicable in the treatment of both open 
and closed fractures. In open fractures the same 
guiding rules apply which would govern mul- 
tiple screw or plate fixation. It appears that 
open fractures of the tibia may be nailed with 
less risk of sepsis than with other forms of 
internal fixation since nailing necessitates 
much less trauma in the region of the fracture 
and its compounding wound. 


TECHNICAL CONSIDERATIONS 


Preoperatively, the indicated length of the 
nail is estimated by measuring the distance 
from the most prominent point on the tibial 
tubercle to the tip of the median malleolus on 
the uninjured leg and subtracting 1 inch. The 
indicated diameter of the nail is estimated by 
observation of the roentgenograms but as a 
rule a nail of 3¢ inch diameter is used. If a 
roentgenogram taken on the operating table 
after the nail has been inserted reveals that 
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the nail selected is too short, extensions of 
1g, 34, and 1 inch are available to screw onto 
the proximal end of the nail so that it may be 
driven farther down into the lower tibia. It is, 
therefore, preferable to underestimate rather 
than overestimate the length of the nail. 

During the operation the knee must be 
flexed to about go degrees to facilitate insertion 
of the nail. This position is easily obtained on a 
standard operating table with the distal portion 
of the table dropped so as to permit the knee 
to be flexed to a right angle. The extremity 
must be prepared from well above the knee 
to well below the fracture site and the foot and 
ankle wrapped within the sterile operating field. 
(Fig. 1A.) 

Kuntscher and Lottes employ an orthopedic 
table with the extremity held so that the hip 
is in some flexion, the knee in flexion to about 
go degrees, and the foot strapped to the foot 
piece. This position permits fixed traction for 
reduction of the fracture whereas when the 
ordinary operating table is used, manual trac- 
tion must be made on the foot at the proper 
time during the operative procedure. A claimed 
advantage of fixed traction on an orthopedic 
table is that, if necessary, the operation can be 
performed with only a nurse assisting. 

Intramedullary nailing of fractures of the 
tibia may be performed with closed or open 
reduction. Nailing with closed reduction of the 
fracture is chosen if possible and is highly 
preferable for several reasons which are to be 
stated later. Open reduction is reserved for 
those fractures in which adequate closed 
reduction cannot be achieved and for open 
fractures in which the fragments are easily 
visualized through the wound. In the latter 
group little if any surgical stripping of perios- 
teum is required. 

A precise although not difficult operative 
technic is necessary. Several details are impor- 
tant. Through an incision about 2 inches long, 
34 of an inch medial to the patellar ligament 
and tibial tubercle, an oblique hole directed 
down the medullary canal is made with a 
reamer or a \-inch drill slightly above the 
level of the tibial tubercle. (Fig. 1B.) This 
relatively high takeoff and the obliquity of this 
hole are important as they facilitate smooth 
insertion of the nail. The nail is then inserted 
and driven down into the canal. Pressure of 
the nail against the skin over the knee superior 
to the incision is minimized by a metal guard 
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such as an aluminum suture board. During 
insertion, a backward thrust on the nail must 
be maintained so as to keep the axis of the nail 
in the axis of the medullary canal. The nail is 
inserted until, by comparison with another 
nail of equal length, the point is calculated to 
be just proximal to the fracture site. - 

The fracture is then reduced. In open reduc- 
tions this is performed under direct vision but 
in closed reductions, it is achieved by strong 
traction and manipulation of the distal frag- 
ment. (Fig. 1C.) Palpation with the thumbs at 
the fracture site is a helpful maneuver if the 
fracture is in the upper half of the shaft, 
the distal fragment should be offset slightly 
posteriorly so the point of the nail gliding 
against the posterior cortex will enter the distal 
fragment easily. Otherwise it may leave the 
fracture site posterior to the distal frag- 
ment. In fractures of the distal half of the 


’ tibia, the point of the ongoing nail already has 
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become anterior and, therefore, a slight anterior 
offset of the distal fragment favors the point 
entering the medullary canal. 

When the nail has entered the distal frag- 
ment for 2 or 3 inches, a relative stability of 
reduction is established. At this point, check 
roentgenograms may be taken to verify that 
the nail is well seated in the distal fragment and 
that the apposition of the fragments is ade- 
quate. (Fig. 2B.) With increasing experience, 
this set of roentgenograms may be omitted. 
If the nail has not entered the distal fragment, 
it must be withdrawn and redirected after 
remanipulation of the fracture. When the nail 
is known to be seated in the canal of the distal 
fragment, the fragments are held in good 
alignment, and it is driven home until the 
threads on the proximal end are flush with the 
tibial cortex. (Fig. 1D.) 

At this point, check roentgenograms are 
definitely indicated to establish the depth of 
penetration of the nail as well as the apposition 
and alignment of the fragments. The tip of the 
nail should reach within 34 of an inch of the 
distal articular surface of the tibia. (Fig. 3C.) 
As mentioned previously, extensions may be 
screwed onto the proximal end of the nail if 
necessary to permit the nail to be driven into 
proper depth of penetration. Not infrequently, 
some degree of angulation at the fracture will 
be found, usually a posterior angulation or 
recurvatum. This should be corrected imme- 
diately. A sterile-wrapped sandbag is placed 
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Intramedullary Nailing of Fractures of Tibia 


Fic. 1A, the knee is flexed at the break of the operating table. The location of the skin 
incision for insertion of the nail is shown in relation to the tibial tubercle and the patella. 
B, an oblique hole in the tibial cortex is prepared with a reamer (a 44 inch drill also may 
be used). C, during driving of the nail, the skin over the knee is protected with an alumi- 
num suture board. Note hands of surgeon manipulating fragments into reduction as 
assistant drives nail across the fracture line. D, the nail has been inserted so that only 
the threads on the proximal end remain exposed. 


beneath the leg at the level of the fracture 
site and the malalignment is forcibly cor- 
rected. Of course, the nail bends but this is in 
no way disadvantageous. In fact, a distinct 
advantage offered by the Lottes tibial intra- 
medullary nail is that after the nail has been 
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inserted it may be bent sufficiently to overcome 
any angulation of the fragments. 

Following closure of the operative wound or 
wounds, a long leg plaster cast is applied. When 
all wounds are healed, a walking heel may be 
added to the cast. Plaster immobilization is 
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continued until some bony union of fragments 
is visible on x-ray examination, then it is no 
longer necessary. The length of time before 
significant weight-bearing on a cast may be 
permitted varies somewhat with the contour 
of the fracture. In transverse or near transverse 


Fic. 2A, anteroposterior and lateral views of double fracture of tibia and fibula. 
B, after closed reduction and during intramedullary nailing. The nail has entered 
the proximal fragment as verified by these films on the operating table. C, after 
closed reduction and intramedullary nailing. The proximal fracture was displaced 


somewhat during nailing but this was of no consequence. D, the end result after 
removal of nail. 


fractures, this may be started promptly. In the 
more unstable fractures only partial weight- 
bearing is allowed until some bony union has 
occurred. Definitely, full weight-bearing in a 
walking cast may be initiated earlier, and all 
immobilization eventually discontinued sooner, 
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Intramedullary Nailing of Fractures of Tibia 


Fic. 3A, anteroposterior and lateral views of mildly comminuted fracture of both bones of leg in 
mid-third before intramedullary nailing. B, immediately after closed reduction and intramedullary 
nailing. Note the ideal level for the point of insertion of the nail. C, the solidly united fractures 
several months later. Note the ideal length of this nail. 


following intramedullary nailing of fractures 
of the tibia than with any other method of 
internal or external fixation for these injuries. 


COMPLICATIONS AND ERRORS IN TECHNIC 


Possible complications include wound infec- 
tion, bending of the nail, failure of union of the 
fracture and fat embolism. 

Significant wound infection has occurred only 
a few times, usually with extensive open reduc- 
tions. Even in open reductions, the incidence of 
infection in the fracture site should be less 
with intramedullary nailing than with other 
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forms of internal fixation because periosteal 
stripping and trauma about the fracture is less. 
With closed reductions, a wound infection at 
the incision for insertion of the nail which fol- 
lowed down the nail and involved the fracture 
site has occurred only once to the best of 
our knowledge. 

Bending of the nail has been observed a few 
times, usually when the plaster cast was loose 
and the patient had a fall. A bent nail may be 
straightened by force and the corrected align- 
ment then protected by a snug plaster cast. 

Some non-unions have resulted. The majority 
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Fic. 4A, anteroposterior and lateral views of open fracture of both bones of 
leg. B, after débridement, open reduction and intramedullary nailing, and 
wound closure. C, the wounds healed promptly and the fractures united. 
D, the end result after removal of the nail. 


have occurred with wound infection in open 
fractures or following open reductions of closed 
fractures with faulty healing of the wound. 
Non-union may occur because of poor selection 
of cases for the method (usually too high or too 
low a fracture); the nail used is too short; 
immobilization in a cast is discontinued too 
soon; or the nail is removed before sufficient 


union of the fragments has taken place. 
Fatigue fractures of the nail have been ob- 
served occasionally. In most instances the 
non-union should have been recognized and the 
fracture site bone grafted long before the nail 
broke. 

Fat embolism theoretically as in intramedul- 
lary nailing of all long bones should occur 
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frequently. Clinically this complication is rare. 
A death under anesthesia in the series included 
under results was attributed to fat embolism 
but other factors may have been responsible. 
Errors in technic include splitting of the 
anteriomedial cortex of the tibia at the point 
of insertion, usually because a hole of sufficient 
size high on the tibia and in the best direction 
was not prepared and a loose nail predisposes 
to non-union; the use of too short a nail which 
predisposes to non-union; penetration of the 
ankle joint by too long a nail; damage of the 
posteriotibial structures when a nail has been 
inadvertently passed into this region, and 
acceptance of malalignment which usually can 
be corrected as part of the operative procedure. 


ADVANTAGES 


This method maintains adequate reduction 
of unstable fractures even those with enough 
comminution to contraindicate multiple screw 
or plate fixation. (Figs. 2, 3 and 4.) In the 
great majority of fresh fractures, the nail may 
be inserted with only closed reduction. This is a 
distinct advantage. With closed reduction, the 
hazards of wound infection and failure of wound 
healing from ischemia at the fracture site are 
avoided; further denuding and manipulation 
of fragments are not necessary and the original 
hematoma is preserved. 

With intramedullary nailing, a very high 
percentage of union is obtained; this is another 
distinct advantage. This method provides, as 
much or more than any other, constant contact- 
compression of the fragments and for early 
weight-bearing of some degree in a walking cast 
as boons to eventual union. The early walking 
cast predisposes to firm impaction of the frag- 
ments of the tibia before the fibula unites and 
struts them apart. 


RESULTS 


In 1953 Lottes reported, from St. Louis, 
225 united fractures in 229 cases which he could 
follow up including both open and closed frac- 
tures. In three recent series, our own and those 
of two other groups in the St. Louis area, 117 
united fractures were obtained in 126 cases, 
again in both open and closed fractures. Six 
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non-unions occurred, one because of infection 
and massive sequestration. Two amputations 
were necessary, one because of severe sepsis in 
an open fracture in a seventy-four year old 
man; the other in a patient in whom an ischemic 
contracture developed after nailing. The frac- 
ture united but a refracture was sustained 
followed by elective amputation. One death 
occurred on the operating table; fat embolism 
was suspected. 


SUMMARY 


The concept of intramedullary nailing of 
fractures of the tibia with a Lottes nail and the 
details of the technic by which it generally 
is used in greater St. Louis have been reviewed. 
In unstable fractures of the middle two-fourths 
of the tibia, the method is usually selected 
provided the criteria of applicability outlined 
above are reasonably fulfilled. Some complica- 
tions have been encountered particularly with 
errors in technic or in determination of applica- 
bility. In St. Louis, intramedullary nailing of 
fractures of the tibia has been a valuable 
method of treatment. It is believed that the 
method deserves a place in the armamentarium 
of all competent surgeons in other areas who 
manage these often-times complicated and 
complex injuries. 
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Treatment of Injuries Involving the Subtalar 
Joint 


CuarLes DeEBo_p, JR., M.D. AND BARBARA B. Stimson, M.D., Poughkeepsie, New York 


a subtalar joint for many years has been 
caught between the forces of function and 
anatomic repositioning in the treatment of 
traumatic injuries involving joints. Early 
active motions have been the rule in the treat- 
ment of joint injuries, but this rule has been 
forgotten in the treatment of fractures and dis- 
locations involving the subtalar joint. A review 
of standard texts on fractures revealed that all 
recommend plaster immobilization after reduc- 
tion of os calcis fractures. The time of im- 
mobilization varies from six to fourteen weeks 
and even longer. 

Two major injuries involve the subtalar 
joint. First, and by far the most frequent, are 
fractures of the os calcis which either disrupt 
the joint completely or have fracture lines 
extending into the joint producing a hemarthro- 
sis; and second are dislocations of the joint. 

The problem of fracture of the os calcis can 
be traced back through the literature to early 
times. Hippocrates treated these injuries by 
bandaging and elevation. Variations of this 
method were employed until 1850 when a 
traction device was used, followed by im- 
mobilization. Open reductions were first per- 
formed in 1882. With the advent of x-ray, more 
attention was paid to the anatomic changes as 
a result of the fracture; and in 1908 Cotten first 
advocated his method of breaking up the im- 
paction by using a mallet over a felt pad and 
reducing the fracture with traction and mold- 
ing, followed by plaster immobilization. From 
1908 to 1929 Cotten’s technic was modified 
many times. The use of open reduction with 
and without internal fixation and subtalar 
arthrodesis, both primary and delayed, were 
first advocated during this same period. In 1929 
Bohler first described his method of utilizing 
two pins with traction and emphasized the 
posterior angle, which bears his name. 
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Most articles written after 1929 show modi- 
fications of either Béhler’s or Cotten’s method, 
using two and three pins and many types of 
apparatus and clamps to assist the surgeon 
in obtaining and holding anatomic position. 
There has also been a definite trend toward 
early arthrodesis of the subtalar joint, espe- 
cially in the more severe injuries. The most 
recent approach to the problem recommends 
open reduction in an attempt to restore the 
surface of the subtalar joint. 

Throughout this whole period some sur- 
geons were presenting a weak plea to consider 
the motion of the subtalar joint. Outland in 
1935 suggested that in undisplaced fractures 
of the os calcis immobilization should be 
avoided and heat, massage and active motion 
with non-weight bearing for eight weeks was 
the treatment of choice. 

Hauser reported improvement in two cases 
of painful heels of long duration after intensive 
physical therapy stressing motion. Carothers 
and Lyons in 1952 advocated using a cast for 
ten days, followed by non-weight bearing with 
active motions. Dick, in 1953, believed that in 
undisplaced fractures of the os calcis “plaster 
immobilization is not only unnecessary but 
undesirable.” 

The results of most forms of treatment are 
discouraging. Almost all authors begin their 
prognosis with a definite hote of pessimism. 
Periods of total disability run from six to 
eighteen months and many think that some 
degree of permanent disability is inevitable. 
The patient cannot walk over rough ground 
because strain on lateral motion is painful. 
Tenderness is found at the level of the subtalar 
joint and just below either malleolus. These 
complaints are blamed on traumatic arthritis 
of the subtalar joint. Chronic foot strain as the 
result of the permanent pronation of the foot 
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produces generalized foot pain. Relative length- 
ening of the tendo achillis causes loss of 
strength. Persistent edema and impingement 
of a bony mass against the external malleolus 
complete the major list of post-traumatic 
complications. 

In discussing comminuted fractures of the 
os calcis Watson-Jones states, ‘‘Whether the 
displacement is reduced or not, fibrous ankylo- 
sis of the subtalar joint is inevitable. Inversion 
and eversion of the heel will be permanently 
limited, and unless ankylosis becomes sound 
the foot will be painful when strained.” To 
combat this situation Watson Jones, Bank- 
hard and others believed the only solution to 
be arthrodesis. 

We would like to disagree with the feeling 
of pessimism that has prevailed, for we think 
that by focusing attention on motion at the 
subtalar joint many of the complications can 
be lessened, and the period of disability, both 
total and partial, can be shortened. 

Our method of treatment was originally 
started overseas, but the actual source cannot 
be found in the literature. During the past five 
or six years we have varied it. At first we re- 
duced the fracture under general anesthesia by 
manipulation, molding and traction. The posi- 
tion obtained was then held in plaster splints 
(posterior molded and sugar tongs) for a period 
of a week to ten days. These were then re- 
moved, and hot soaks and active motions were 
started. We soon realized that it was not 
possible to maintain Béhler’s angle by this 
method; and when we realized that the loss of 
this correction did not affect the outcome, we 
discarded the use of immobilization altogether. 

We have continued the use of elevation, 
which we believe has played a great part in 
reducing and preventing edema; recently we 

have found that a lumbar sympathetic block 
rapidly helps to make the patient more com- 
fortable by quickly reducing swelling. Active 
motions play important dual roles, first as a 
means of reducing persistent edema, and 
second as a means of redeveloping full range 
of motion of the subtalar joint. If a patient is 
comfortable with sedation and moist heat he 
can easily be persuaded first to flex and extend 
his ankle, then within the first few days inver- 
sion and eversion of the heel can be started. 
Exercises must be carefully supervised until 
full range of motion of the subtalar joint has 
been attained. The patient is usually com- 
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fortable, and a good range of motion has 
developed in five days to a week. He is then 
allowed up on crutches with no weight bearing 
on the injured foot. The period of non-weight 
bearing has varied considerably. At first we 
waited until healing could be seen on x-ray, 
usually three to four months. This was done in 
the fear that we would have an increased loss 
of Béhler’s angle and spreading of the frag- 
ments. However, when our patients with bi- 
lateral injuries became a problem because of 
their being in a wheel chair for this period, we 
gradually shortened the time and started 
weight bearing as soon as clinical healing could 
be determined. Tenderness to pressure and 
percussion, and the lack of pain on forceful 
motions of the foot were the criteria used. This 
has reduced the period of non-weight bearing 
to an average of eight weeks. When weight 
bearing is first started an inner heel wedge is 
applied to the shoe to encourage inversion. 

In summary, our present approach to frac- 
tures of the os calcis is as follows: On admission, 
after adequate x-rays, the patient is placed in 
bed with elevation, sedation and cold com- 
presses. A lumbar sympathetic block is per- 
formed in the first twenty-four hours. After 
twenty-four hours hot packs and exercises are 
started. After five to seven days the patient is 
allowed out of bed walking with crutches, and 
at eight weeks he is allowed weight bearing, 
usually with an inner heel wedge. 

In a period of five years we have treated 
thirty-six fractures of the os calcis. All cases 
which did not involve the subtalar joint or 
showed no change in Bohler’s angle were not 
considered in this series. This latter group 
comprised the chip fractures, fractures of the 
anterior beak, avulsion of the attachment of 
the tendo achillis; and with the exception of the 
latter, all showed rapid recovery using the 
same principle of early active motion. 

In nineteen cases the joint was involved; one 
patient moved out of the area beyond our con- 
trol and was not followed up. In the eighteen 
patients whom we followed under our own 
care, there were twenty-one fractures; of 
these, fifteen were unilateral and three were 
bilateral. The side involved in the unilateral 
cases was almost evenly divided—eight left 
and seven right. Fifteen patients gave the 
typical history of a fall from a height. The three 
remaining patients had multiple injuries as 
the result of a head-on collision, during which 
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the heel had been jammed against the floor- 
board of a car. These cases were all complicated 
by fractures of the lower extremity on the 
opposite side. This study covers a period of six 
years; the earliest case has been studied for 
six years and three months, and the most 
recent case for five months. 

Of the group, eleven were involved in heavy 
labor which required climbing and walking 
over irregular surfaces. Eight patients were in 
relatively light work, e.g., housewives, doc- 
tors, lawyers and students. All patients have 
returned to their original work except one, who 
was a roofer by trade. He has had some limita- 
tion of subtalar motion with pain and tender- 
ness just below the lateral malleolus for nine- 
teen months, but is working regularly as a 
truck driver. 

Average statistics for a group as small and 
variable as these patients are somewhat mis- 
leading, but at present are the only means of 
comparing end results. The average period of 
non-weight bearing was nine and one-half 
weeks, but if more recent cases were studied 
this would be lessened, since we are no longer 
waiting for x-ray evidence of healing before 
starting weight bearing. The time until return 
to work varies greatly from the loss of one 
week, as in the case of a student who returned 
to classes on crutches, to a gardener who 
required eight months to return to his original 
work. The average loss of time from original 
work was eleven weeks. 

Discomfort is a variable symptom depending 
on many factors and affected by outside in- 
fluences such as compensation payments. We 
must depend on the patients’ own words. In 
our group the average period between the time 
of injury and the patient’s admission that he 
was free of pain was fourteen and one-half 
weeks; this varied from two months to twelve 
months, but most commonly was from three 
and a half to four and a half months. All four 
patients who had pain for more than six months 
were heavy laborers on compensation. 

We have observed none of the complications 
listed by other authors. We have had no cases 
in which the diagnosis of traumatic osteo- 
arthritis could be made by x-ray, even though 
all patients suffered disruption of the surface 
of the subtalar joint. There is no doubt that 
some osteoarthritis must invariably be present 
in all cases. A joint cannot stand disruption of 
its surfaces without a later response to the 
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resulting irregularities. However, many cases of 
osteoarthritis are non-symptomatic, the nearby 
structures slowly adapting to the situation. It 
is interesting to note that the usual complaint 
of pain under the lateral malleolus or near the 
tendo achillis was present in the early stages 
of weight bearing in our patients but disap- 
peared as range of motion increased to full 
motion. 

We believe that the complaints presented by 
the patients are not related to the osteoarthritis 
but are due to the stiffness resulting from pro- 
longed immobilization. Any fracture into a 
joint is accompanied by bleeding, which is later 
organized to form adhesions. These in turn 
become strong and tough when the joint is 
immobilized but can easily be stretched and 
broken by early active motions. The blood 
extravasates from the joint into the surround- 
ing tissues and organizes to form a relatively 
inelastic scar in the soft tissue. The scar and 
adhesions become tight, and the longer they 
are without motion the more difficult they 
become to stretch. The situation is further 
aggravated by persistent edema which rein- 
forces the previously formed adhesions and 
forms more adhesions of its own. The situation 
is comparable to the prolonged immobilization 
of the shoulder, knee or elbow. When the sub- 
talar joint is immobilized it is necessary to 
immobilize the whole foot, and the other joints 
which can be used to adapt to the limited 
motion in the subtalar joint become stiff by 
the same process. 

Thus, when the subtalar joint becomes in- 
jured we have two situations in which it will 
be painless: if there is no motion present, or if 
full range of motion is obtained. We therefore 
believe that by arthrodesis of the subtalar joint 
a pain-free foot can be obtained, but since there 
are certain limitations forced upon the patient 
as a result of the loss of this joint we prefer to 
aim for full range of motion to obtain a painless 
foot. 

None of our cases presented the problem of 
the traumatic flatfoot. It should be remembered 
that after a period in a cast muscles atrophy 
and often are not able to regain their complete 
strength even by continued activity. We believe 
that maintenance of muscle strength will help 
prevent the pronated foot from being painful. 
Two of our patients presented bony spurs on 
the under surface of the os calcis; and, even 
though one spur was sufficiently large to form a 
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callosity on the skin, neither patient would 
admit to a complaint of pain as a result of the 
spur, even when it was suggested that removal 
of the spur was relatively simple. 

None of the fractures was complicated by a 
building up of bone on either side of the ankle. 
This, we believe, was prevented by compressing 
the spread of the os calcis at the time of reduc- 
tion and limiting the edema. 

The group of dislocations at the subtalar 
joint were extremely limited and in the same 
period only two cases were treated. In one 
case we followed the prescribed textbook treat- 
ment of immobilization with resultant dis- 
ability for months. The other patient was im- 
mobilized only two weeks with the result that 
he returned to work weight bearing after six 
weeks, with slight discomfort for an additional 
six weeks. 


G. H., a twenty-four year old truck driver, was 
wrecking a car on October 19, 1951, when the car 
slipped, striking him on the knee and transmitting 
the force down through his foot. He suffered a dis- 
location through the subtalar and mid-tarsal joints. 
Immediate closed reduction failed, and open reduc- 
tion was performed. The calcaneus was wedged 
tight against the astragalus. The patient was dis- 
charged one week later in a short leg cast, using 
crutches. He returned to the office for a check-up 
one week later—two weeks after injury. In the 
meantime he had removed the cast himself but 
continued on crutches. Hot soaks and active mo- 
tions were started. On his check-up one month 
after injury he admitted that he had gone back to 
work driving a coal truck. He had full range of 
motion of the foot and ankle. There was no swelling 
or tenderness. Weight bearing was allowed. On 
check-up patient was walking with no complaints 
except that on getting up in the morning there was 
slight discomfort for the first few steps. At a recent 
check-up, approximately four years after injury, 
he reported working steadily with no complaints. 
There was a loss of approximately 5 degrees of 
motion in the subtalar joint and ankle joint when 
compared with the opposite side. 


J. W., a forty year old, heavy set lawyer, fell 
from a roof on January 4, 1950, suffering a fracture 
of the left os calcis with marked comminution, 
spreading, and loss of Bidhler’s angle. He remained 
in bed with elevation, hot soaks and active motion 
for two weeks and then was discharged home to 
continue with hot soaks and motions. At 2!4 months 
weight bearing was started. He had no difficulties 
except for pain along the tendo achillis and 
the lateral aspect of the foot which improved 
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slowly over an additional three months. He has 
been seen for other injuries and has never com- 
plained of his foot, although a callus had developed 
under a spike on the sole of his heel. Six and one- 
half years after his injury we finally “cornered” 
him in the courthouse. He was “ . too busy 
using his foot to come back for follow-up.” At that 
time motion was full, the callus still present. There 
was mild pronation, but pronation was also present 
on the opposite side. He had no complaints, could 
work steadily, and could play thirty-six holes 
of golf. 


J. K., a twenty-two year old student, suffered a 
fracture of the left os calcis as part of multiple 
injuries received in an auto accident. The additional 
injuries consisted of a severely comminuted frac- 
ture of the right femur, a fracture of the right tibia, 
a fracture of the pelvis and a contusion of the 
peroneal nerve. Little attention was paid to the 
os calcis fracture for the first week, but hot soaks 
were started. After a week to ten days active 
motions were started; and when he was well 
enough for weight bearing at the end of four 
months, the patient bore weight on the left side 
using crutches and a brace on the right side. He 
has since returned to college and has forgotten 
about his os calcis, although he has returned for 
check-ups concerning his right femur. 


P. C., a thirty-six year old carpenter, suffered 
bilateral fractures of the os calci in April, 1954. The 
fracture on the right involved the subtalar joint 
and resulted in some loss of Béhler’s angle. The 
left was undisplaced but involved the joint. The 
left foot was pain free in a few days and the right 
in one week. After one month, in desperation, 
weight bearing on the left with crutches was 
started, but without weight bearing on the right. 
Total weight bearing was started two months after 
injury, and by three months he was working as a 
carpenter again with no difficulties. He had lost 
approximately 10 degrees motion on the right at 
the subtalar joint. 


D. G., a twenty-eight year old carpenter, fell off 
a roof on April 5, 1956, suffering bilateral com- 
minuted fractures of the os calci, worse on the 
right. On admission lumbar sympathetic blocks 
were performed. By the next day the edema had 
subsided considerably, and hot soaks and active 
motions were started. The patient was quite com- 
fortable and gradually increased his range of motion 
until April 26, 1956, when there was a return of 
pain, which disappeared after repeat of the blocks. 
Weight bearing was started on the left at two 
months and on the right at two and one-half 
months. At three months he returned to work as a 
carpenter, still having some slight pain. 
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SUMMARY 


1. Maintenance of function of the sub- 
talar joint is more important than anatomic 
repositioning. 

2. Prolonged immobilization and edema lead 
to stiffening and weakness, not only of the sub- 
talar joint but of the other joints of the foot. 

3. Two conditions are conducive to painless 
feet following fractures and dislocations of the 
subtalar joint: (a) complete loss of function 
either by surgical arthrodesis or immobilization 
until the joint spontaneously fuses; or (b) 
free full motion of the joint. 

4. We prefer full range of motion, since it 
avoids the difficulties resulting from the loss of 
function of the subtalar joint and impaired 
function of the foot. : 

5. Elevation, moist heat and active motions 
supplemented by lumbar sympathetic blocks 
can be used to maintain the function of the 
joint during the healing period. 7 

We realize that a series of nineteen cases in 
the hands of only two surgeons does not prove 


the value of a method, but we believe that our 
results show sufficient merit to warrant con- 
sideration by other surgeons. If others can 
obtain comparable results by this method, then 
the major requirements of many patients over a 


long period of time treated by many surgeons 
will be fulfilled. 
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From the Surgical Service, Veterans Administration 
Hospital, McKinney, Texas, and The University of 
Texas, Southwestern Medical School, Dallas, Texas. 


ne the summer of 1955 we treated four 
patients who had survived airplane crash- 
es which occurred while crop dusting. All had 
serious multiple injuries and one of them died 
later. Spraying or dusting crops from low 
flying aircraft is a common practice in the 
cotton growing areas near the Gulf Coast 
and in California. In other regions, planes are 
similarly employed for various agricultural 
purposes including fertilization, seeding, frost 
control, even for knocking fruit off trees or 
chasing birds. This involves an extremely 
perilous. type of flying. The official report of 
the Civil Aeronautics Board for 1955 lists 
317 accidents which occurred in crop control 
activities, 99 of them resulting in serious or 
fatal injury. One of us (R. D. H.), in the course 
of long experience piloting both military and 
civilian planes, has flown crop dusting missions 
and is well qualified to describe its hazards. 

The Civil Aeronautics Board has complete 
jurisdiction over these aerial crop control 
operations. It sets the rules for the licensing of 
pilots and planes. It prescribes safety regula- 
tions and authorized loads. It conducts in- 
spections of planes and equipment, requires 
that a log be kept of all flights and that a 
report be filed concerning any accident. The 
Civil Aeronautics Board consequently has 
the means and authority for effective control 
in preventing accidents and reducing their 
number and severity. Our study of the accidents 
described in the Civil Aeronautics Board re- 
ports, and our experience with a small group 
of injured pilots, convinces us that this con- 
trol should be more rigorously exercised. We 
shall consider this from the standpoints of the 
planes involved, the men who fly them and the 
peculiar hazards that pilots encounter in crop 
dusting. 

Light single-motored aircraft are commonly 
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used. Some were built as military trainers 
and many of them have passed their peak of 
performance. Rarely are they owned by the 
men who fly them. Planes are adapted to crop 
operations by converting the passenger and 
baggage compartments into a hopper for 
chemicals. Helicopters or multi-engined planes 
would be safer but their high initial and main- 
tenance costs preclude their wide acceptance. 
Each plane is licensed to carry a stated maxi- 
mum load of chemicals. Often this is heavier 
than the payload for which the aircraft was 
originally designed and in practice even the 
authorized load is often exceeded. One of 
us has on several occasions flown a plane 
which was designed for a 400 pound payload, 
licensed for 500 pounds, and actually carried 
1,200 pounds of insecticide. With overloading 
such as this only a narrow margin of safety 
remains, if the aircraft does not perform at - 
top efficiency. A rigid inspection of the planes 
used for crop dusting is made annually. More 
superficial periodic inspections are required 
after each 100 hours of flying. Operators have 
been known to stretch out these vital periodic 
inspections by the simple device of falsifying 
the log. The timely discovery of dangerous 
mechanical faults would seem more likely were 
inspections required at frequent fixed intervals 
or even on an unscheduled basis irrespective 
of the hours flown. 

The typical crop duster pilot is a young 
man with recent flying experience gained in 
military service. Two-thirds of those killed or 
seriously injured are under thirty-five years of 
age. They have insufficient means to own their 
own planes and therefore offer their services 
for hire. Usually this includes operational 
maintenance on the aircraft at night after a 
long day in the air. There is no flight surgeon 
to ground the weary crop duster and flight 
fatigue is one of the intangible factors respon- 
sible for accidents. 

A license for crop dusting operations may be 
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Fic. 1. Crop dusting plane flying just above foliage. 


obtained with as little as 200 hours of flying 
experience if the pilot can pass a physical 
examination and the written test for an 
ordinary commercial pilot’s license. The ap- 
plicant of course must demonstrate his flying 
ability, but this need not be done in the type of 
plane commonly used for crop dusting; nor 
is there any stipulation that he have training 
or proficiency in the low level maneuvers 
peculiar to this activity. Many pilots pay a 
high price for their inexperience. Civil Aero- 
nautics Board figures show a fatality rate two 
and one-half times greater in accidents which 
occur to a pilot during his first twenty-five 
hours of crop dusting than in those involving a 
veteran pilot with one thousand hours of 
experience. 

The value of a shoulder harness in reducing 
the severity of crash injuries has been recog- 
nized by the Air Force and its use is standard 
procedure. Crop dusters are required only to 
use the conventional lap belt despite the fact 
that Civil Aeronautics Board reports indicate 
that use of a shoulder harness cuts the fatality 
rate in half. Crash helmets which are valued 
by Air Force pilots, automobile stunt drivers 
and motorcycle patrolmen are not mandatory 
for crop dusters and are in fact disdained. 
They may be impractical in an open cockpit. 

Consideration of what is involved in crop 
control flying emphasizes the need for more 
stringent regulation of both planes and pilots. 
The crop duster’s usual point of departure 
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Fic. 2. The pull-out at end of run. Pilot needs full power 
to avoid pole and power lines. 


is a rough pasture or at best a road. He will 
take off in daylight when using a spray but 
if he is dusting, his take-off may be in the 
darkness before daybreak, or after dusk, in 
order to avail himself of the light winds pre- 
vailing at these hours. Often the limitations 
of his rudimentary runway require him to dis- 
regard wind direction at take-off. With a 
heavily loaded aircraft unusual turbulence, 
unexpected loss of power or an unanticipated 
obstruction always threaten him with dis- 
aster. It is not surprising that 20 per cent of 
the accidents occur to crop dusters before 
they are even airborne. 

These initial dangers passed, the crop duster 
encounters others as he reaches the dusting 
area. Fields where crops are planted are 
likely to be more or less surrounded by power 
lines, fences, trees, shrubbery or other ob- 
structions. The pilot must dive over these 
at a speed of approximately 100 miles an 
hour and level off at an altitude of from 1 to 
5 feet from the ground to begin his operations. 
During his run, while busy operating controls 
and regulating the flow of spray or dust, he 
must also keep a sharp watch, despite the 
lacrimating dusts which may. drift into his 
cockpit, for hazards such as stumps, shrubbery, 
farm machinery or suddenly arising birds. 

Flying with his wheels practically touching 
the foliage (Fig. 1) to the far edge of the field 
the pilot approaches the moment of his greatest 
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danger. He must gain some altitude and 
execute a 180 degree turn to retrace his course. 
Formidable obstructions may loom ahead at 
the margin of the field. (Fig. 2.) A steep bank 
of the aircraft under full power is required to 
surmount them. Should his power fail a 
crash is inevitable. The greatest number of 
accidents as well as 58 per cent of the fatalities 
occur at this crucial moment. Three of the 
four crashes which sent patients to us con- 
firm this. The circumstances of these accidents 
illustrate some of the hazards which have been 
mentioned and re-emphasize the factors which 
might prevent or modify the injuries incurred. 

The first patient (B. G. W.) was a twenty- 
three year old pilot on his second job in his 
first year as a crop duster. He had only the 
minimum requirement of 200 hours experience 
in flying. As he pulled out at the end of a run 
the wing of his Piper aircraft struck a tree. 
Although this might happen to any pilot, 
it is more likely to occur to one who lacks 
experience with low level flying. This man’s 
injuries included a cerebral concussion, frac- 
tures of the subtrochanteric level of one femur, 
of the opposite tibial plateau and of the third 
lumbar vertebral body with compression. In 
addition there were multiple facial lacerations 
with blood loss requiring transfusion with 
3,500 cc. of blood. His fractures healed well 
and he began walking on crutches after four 
months and progressive weight bearing after 
eight months. 

The second case (G. G. F.) was a thirty- 
two year old pilot with more than 1,000 hours 
of conventional flying experience but this 
was his first season as a crop duster. His 
crash again emphasizes the importance of 
experience in low level flying and also the 
need for full power at the moment of pull-out. 
At the end of a run as he turned into the wind 
he abruptly lost speed and altitude. His wing 
tip grazed the ground and the plane crashed 
and burst into flame. Somehow he extricated 
himself from the plane and cast off his burning 
shirt. Despite fractures of both ankles, he 
dragged himself 200 yards to a highway where 
he was picked up and brought to the hospital. 
His burns involved about 40 per cent of his 
body surface. He had an open fracture-dis- 
location of the right ankle and a closed frac- 
ture of the left talus. There was a deep facial 
laceration exposing the mandible. His wounds 
were débrided and closed but that of the right 


ankle became infected and a sequestrum was 
later removed from the tibial malleolus. A 
pantalar arthrodesis was performed subse- 
quently on the opposite ankle. A portion of the 
burned area required skin grafting. One year 
after the accident this patient is still on 
crutches. 

The third patient (J. E. S.) indicates that 
accidents may happen even to a veteran flyer 
due to the inherent hazards of this occupation. 
This twenty-nine year old man had in the 
course of ten years of flying accumulated more 
than 2,000 hours in the air. This was his third 
season of crop dusting. He appreciated the 
value of a harness but was unable on this 
particular morning to adjust the shoulder 
straps to fit him. In consequence he was 
wearing only a lap belt. While making his 
bank and turn at the end of a run he collided 
with electric power lines and crashed upside 
down. A shoulder harness would probably have 
modified the injuries he received since the 
cockpit remained intact in the demolished 
plane.’ Upon admission to a nearby hospital 
his condition was critical. He had inhaled 
some of the dusting chemical, parathione, 
and required an emergency tracheostomy. 
Attention was then directed to closed frac- 
tures of the mandible, zygoma, ulna, midshaft 
of both femora, the shaft of both leg bones 
and an open fracture of the lateral tibial 
plateau of the same leg. This patient was 
transferred to our care twelve weeks after 
injury with delayed union of his tibia and 
ulna, and with bilateral peroneal palsy. The 
fractured tibia ultimately united; the ulna 
required a bone graft. This patient is still in 
the hospital, fifteen months after injury, and 
is not yet ambulatory. 

Our final case (A. T. D.) brings out the 
ever present danger of mechanical failure of 
the aircraft and emphasizes the importance of 
frequent inspections and good maintenance. 
This man was twenty-nine years old and had 
nine years of crop dusting experience. As he 
flew between fields at an altitude of approxi- 
mately 200 feet, an aileron jammed, forcing 
him to fly his plane into the ground. He sus- 
tained a compression fracture of a vertebral 
body with resultant paraplegia at the third 
lumbar level and also fractures of the pelvis 
and ribs. When he entered our hospital on the 
ninth day after injury a decompressive lami- 
nectomy was urged but the patient refused. 
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He died suddenly two weeks later and a 
massive pulmonary embolus was found at 


autopsy. 


SUMMARY 


1. A considerable number of youthful pilots 
are permanently disabled or killed each summer 
as a result of crashes of low flying aircraft 
engaged in spraying or dusting crops. Four 
such cases are described. 

2. The Civil Aeronautics Board has the 
power to regulate these aerial crop control 
activities through its authority to license pilots 
and planes, to prescribe safety rules, to inspect 
aircraft and equipment and to require a 
report of all accidents. 

3. Some of the crashes which occur appear 
to be preventable and it is probable that the 
severity of the injuries might be reduced by 
more rigorous regulation. 

4. The following specific proposals are 
made for greater safety: 

(a) Requirements for licensing of pilots 
who wish to engage in crop dusting activities 
should include training and experience with 
the low level flying maneuvers peculiar to this 
activity. 

(b) The use of safety devices, such as a 
shoulder harness and crash helmet, which 
have proved their worth in commercial and 
military aviation should be made obligatory. 

(c) Overloading of aircraft with chemicals 
should be discouraged by setting more con- 
servative levels for authorized loads and 
enforcing stiff penalties for violations. 

(d) Periodic mechanical inspections should 
be made at more frequent intervals and be 
irrespective of hours flown. 
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DISCUSSION OF PAPERS BY DRS. CLAWSON; 
GIANNESTRAS; HAMPTON AND HOLT; DEBOLD 
AND STIMSON; AND NORTH AND 

HIGHTOWER 


Francis Cox (San Francisco, Calif.): Referring 
to the principles which Dr. Clawson tried to tell 
you about, we forget that we are dealing with a 
specific injury in the area of the intertrochanteric 
fracture. We become involved in mechanical 
gadgets, and if you attend any of the ordinary 
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medical meetings and visit the commercial exhibits 
you will find a plethora of gadgets for treatment 
of hip fractures. 

The facts of the matter are very simple; namely, 
that about one out of five of these old people 
cannot be treated adequately by any form of 
internal fixation. If they cannot be treated ade- 
quately, it has been our habit and custom to 
believe that surgical intervention is simply going 
to add a hazard which is totally unnecessary. We 
therefore urge a reversion to the simple principles 
of treatment of fractures to avoid open surgery 
unless by that choice you increase the benefit 
to the patient. We believe that in approximately 
20 per cent of our cases benefit can not be guaran- 
teed and therefore we would urge the adoption of a 
much more conservative approach. 

So far as the fractures of the neck of the femur 
are concerned, it surprises me to hear a dead head 
called an aseptic necrosis. Hearing Dr. Giannestras’ 
paper, there is no doubt that his technical ability 
is beyond the average. But in children with broken 
femoral necks, a dead head will develop uni- 
versally, or almost universally (if you consider 
only the fractures in the subcapsular or mid- 
cervical area). A dead head develops because 
it does not have blood supply, and if an aseptic 
necrosis developed in 25 per cent of his cases then 
25 per cent of his cases had a dead head. 

In the overall sense perhaps that figure is 
excellent for his paper and for the group of cases 
that he presented. However, I think the figure 
would be higher on the average scattered around 
the country. 

So far as my good friend Oscar is concerned, I 
hope the rest of the United States does not take up 
the habits they have in St. Louis. I would be very 
fearful of what might happen. 

For Dr. Stimson’s paper I have nothing but 
praise. It is a method of treatment which I learned 
from the British in 1943 and I have followed the 
same principles ever since. I also think you should 
listen carefully to what Dr. Stimson has to say, 
and again resort completely to conservatism in 
the treatment of fractures of the os calcis. 

J. H. Reno (Bethlehem, Pa.): I would like to 
discuss Dr. Giannestras’ paper, not from the stand- 
point of his paper but from a parallelism which has 
developed in our own experience. 

Since 1948, forty-five fractures of the femoral 
neck have been treated by arthrotomy and 
visualization of the fracture. However, only 
twenty-two of these patients have been followed 
up for more than one year. Of these twenty-two, 
fourteen had an intact retinaculum which united 
in all except one. Eight of the twenty-two had a 
torn retinaculum which healed in two patients 
with the aid of a graft in one and an osteotomy 
of the femoral neck plus a graft in the other. The: 
graft is placed in a small rectangular slot directly 
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over the line of the fracture in the anterior aspect 
of the neck. 

In the six patients who had a torn retinaculum 
and non-union, three had a simple nailing, one 
had a simple osteotomy plus the nail, and two 
had both an osteotomy and a graft. 

From this limited experience we can say that an 
obviously intact retinaculum, which can only be 
determined by direct visualization, gives a good 
local prognosis. In those with a torn retinaculum, 
an immediate graft and the production of a more 
horizontal fracture line by means of an osteotomy 
of the femoral neck gives the next best prognosis. 

All these, I believe, can only be achieved by 
direct visualization of the fracture by arthrotomy 
of the hip. It may be that the types of fracture are 
different, that the severity of the injury in Dr. 
Giannestras’ high percentage of successful unions 
is less, indicating a better blood supply because of 
an intact retinaculum. 

Harrison Lioyp McLauGHiin (New York, 
New York): Dr. Giannestras made a valiant 
effort to rehabilitate a procedure which, I think, 
has been largely given up by those who have used 
it consistently. I will skip over the point of reduc- 
tion and fixation, because there can be no logical 
discussion of fractures of the femoral neck without, 
as a starting point, an adequate reduction and 
secure fixation. 

Unquestionably the addition of a graft adds 
to the fixation, and this possibly may be the most 
important attribute of the graft. It also acts as a 
scaffold for the ingrowth of granulations into a 
head that is dead or devitalized. This has come 
forcibly to my attention since we have been doing 
routine intraosseous venograms on the head 
fragments of fractured hips. Those which have 
been undisplaced and impacted demonstrated a 
normal venous drainage from the femoral head. 
We have yet to demonstrate any venous return 
from the femoral head with a displaced fracture 
through the neck. Whether or not this will remain 
the case is a matter of conjecture. But, it does seem 
reasonably certain that the great majority of 
femoral head fragments are dead and have to be 
revascularized. I think the graft may be of some 
assistance in this respect. 

I am unable to support the suggestion that 
antecedent aseptic necrosis may cause the fracture 
by a fatigue mechanism. In the last couple of 
years I have had occasion to see several hundred 
sand hogs whose shoulders and hips have been 
disintegrating with compressed air disease. Many 
of these men have had fractures in and about their 
aseptic humeral and femoral heads, but I have yet 
to see a fracture of the femoral neck. When 
fatigue fracture of the femoral neck does occur, 
as in about twelve radiation fractures we have 
encountered, the history is characteristic, and 
quite different from the results of a single trauma. 
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Dr. Giannestras discarded one case from his 
series because she bore weight without permission. 
I think that most elderly ladies put their foot 
down when they feel like doing so. 

“One hundred per cent union, barring aseptic 
necrosis.” This is difficult to discuss, because if by 
“union” the essayist means complete bone con- 
solidation, he is the first surgeon to have attained 
this goal. I can tell if a hip is unequivocally healed 
or unhealed, but the 60 or 70 per cent of hips 
between these two extremes are difficult to 
evaluate. 

It was refreshing to hear theories designed to 
explain success; usually it is the other way around. 
Dr. Giannestras omitted what may be the most 
important factor in explaining these excellent 
results. These hips were treated by a mature and 
competent surgeon. That factor is important, 
and confirms the cliché that the bad results of 
hip surgery are, by and large, the results of bad 
hip surgery. I would like to suggest that instead 
of theorizing about uncontrollable necrotic phe- 
nomena and uncertain non-union, more attention 
should be directed to the one element under our 
control—namely, better reduction and fixation 
of the fractured hip. 

P. A. Wave (New York, New York): I had the 
pleasure of reading Dr. Hampton’s paper several 
days ago, so I have had a chance to study it and 
look up some of my own experiences with this 
same method. 

He said that many surgeons are not taking up 
the intramedullary nailing of the tibia as rapidly 
as was done with the intramedullary nailing of 
femurs. I agree that this is so. My reason for 
proceeding slowly with this method is that there 
are complications that can result from the use of 
the nail; there are other older methods that can 
be used which are often just as satisfactory as the 
intramedullary rod. One of the advantages of the 
intramedullary rod of the femur is that no external 
immobilization is necessary and early joint motion 
can be instituted. This is a great advantage and 
outweighs some of the disadvantages of the com- 
plications of the method. In intramedullary nailing 
of the tibia, on the other hand, external immobiliza- 
tion is almost always necessary and so the older 
and safer methods are often just as satisfactory. 
That is the reason I have been loathe to use it as 
often as Dr. Hampton suggests. 

Our residents prefer the method of putting in 
rods and do it very well. It is only because of their 
insistence that it has been employed so often. 
We have used this method in sixteen cases in the 
last eighteen months. At first I used the intra- 
medullary Kuntscher nested nails only in the 
treatment of non-union. Perhaps my experience 
with non-union gave me more respect for the 
operation, because the placing of the intra- 
medullary nails in a case for non-union is a much 
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more difficult and traumatic procedure than it is 
in a fresh fracture. | first used the Lottes nail in 
dry bones in the anatomy laboratory and found 
that the bones invariably cracked. This, fortu- 
nately, is not true with the living bone, but this 
experience with the dry bone makes the surgeon 
much more careful in applying the rod at the 
operating table. 

I think for non-union and delayed union, when 
one chooses to put in a graft and desires good 
fixation, the intramedullary rod is wonderful and 
certainly the Lottes nail is preferable to the nested 
nail. In some segmental fracture cases I believe 
the Lottes nail is also indicated. 

We have reserved the use of the nail for the 
short oblique unstable fractures that cannot be 
handled well with multiple screw fixation. This 
is the kind of fracture in which we formerly used 
plates. Although occasionally we still use plates, 
having used two in the last year, we are now using 
the Lottes nail for these cases. As I have said, 
we also believe the Lottes nail to be excellent for 
the segmental fractures. 

I do not believe it is necessary to nail the trans- 
verse stable fracture. Although the nail does 
immobilize the fractures very well, the complica- 
tions that might follow in the rare case seem to 
me to make it wiser to use plaster fixation only. 

It is necessary to keep reminding our residents 
that there are other means of treating fractures 
of the tibia, and that the so-called old-fashioned 
method of traction followed by plaster is still a 
good treatment. There are certain cases, which, 
in my opinion, can only be properly.treated by 
traction and plaster. I think we must also remem- 
ber that circumferential bands and wires have a 
place too. Any of you who see Dr. Moritz’s cases 
from Sun Valley will agree with me that his 
results are excellent. I also believe there is a place 
for small bands, although all of these must be 
removed after their usefulness has ceased. There 
is also a place for plates. I do not like multiple pin 
fixation particularly, but this method has met 
with success in Philadelphia. 

I think we must emphasize the fact that these 
other methods do exist and that it is not necessary 
to put a rod in every fracture of the tibia; cer- 
tainly it is wise to point out that it is very unwise 
to put an intramedullary rod in a child. The trouble 
is that many people get the idea that since the rod 
is good for all tibial fractures it is just as good for 
children. 

In our sixteen cases we have not had a death 
nor have we had a serious complication. We have 
had a bending of the nails and in two or three cases 
a recurvatum has developed which we have not 
corrected. Dr. Hampton’s suggestion that the 
nail may be bent at the operating table is a new 
one to me; I will try to use it when I next have 
need of it. We have had one failure in which the 
nail did not immobilize the proximal fragment. 
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Perhaps this was because of poor application. We 
removed the nail and then used a plate. 

I am afraid that one day we are going to have a 
complication, and when that day comes I am 
going to have to give up the use of intramedullary 
rods, except for the rare instances. As I said before 
I think we should point out that there may be 
complications and that there are other methods, 
and if we can get just as good a result in almost 
the same length of time then perhaps other methods 
are preferable. Certainly, in Dr. Hampton’s hands 
the dangers are very slight, but as a general 
method of treatment I believe we should proceed 
slowly. 

I enjoyed hearing the paper. I think you have 
done a good job and you have taught us a great 
deal about a method which is certainly useful. 

Rosert H. Kennepy (New York, New York): 
Many of us have seen bilateral fractures of the os 
calcis with one considerably more damaged than 
the other, and we have seen them both immobilized 
in plaster with or without attempts at reduction. 
And we have often found that the late result is 
considerably better in the more severely damaged 
one than it is in the one that we did not worry 
much about. 

I believe that attempts to restore the tuber 
angle are rarely worth while in most instances. 
Careful analysis after you have worked hard to 
obtain reduction will show little if any change 
when you analyze the x-rays. You can not forecast 
the final result anyway, so far as the patient is 
concerned, no matter how good a reduction you 
think you have obtained. 

I have seen, for instance, 60 pounds of traction 
applied to an os calcis in an attempt to restore the 
tuber angle and make a good x-ray appearance. 
One had to admit that nothing or practically 
nothing had been accomplished in doing this, yet 
a plaster boot was applied and left on for weeks. 
Now, if one cannot change the angle in the fresh 
fracture with sixty pounds’ weight and prolonged 
pull, what can one possibly expect to do for the 
patient by putting him in plaster immobilization 
except: to make sure that he gets muscle atrophy 
and muscle and joint stiffening, atrophy of bone 
and so on. 

In the light of considerations such as this is, 
I have to subscribe heartily to the treatment 
that was recommended by Drs. Stimson and 
DeBold. 

What might be the contraindications to this? 
As the first contraindication someone will say, 
“Tf you treat them in this way, how can you charge 
a fee?” That is always a complication with changes 
of treatment. Then somebody will say, “Well, 
if you don’t put them in plaster, aren’t you going 
to be up against a malpractice suit?” I believe 
the person who is bearing weight comfortably at 
ten or twelve weeks is not nearly as likely to sue 
his doctor as the person who has been in plaster 
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for the same length of time, or considerably longer, 
and who walks around with a painful foot for 
three months or six months or for the rest of his 
life. 

This is an important paper, and for the benefit 
of mankind we all ought to try the treatment 
recommended therein. Do not think that the prin- 
ciple of the treatment is simply to omit the plaster. 
You have to go over the article and do every one 
of the things that the authors did and do them 
with some judgment. Then I believe you will find 
that in many instances you do not need all this 
immobilization. 

Rosert HicutToweEr (closing): I have very little 
to add to what has already been said and presented 
in our paper. However, I did look at this thing from 
both sides of the fence, and I think the recom- 
mendations which are made are legitimate and 
would improve the situation. 

I believe that the frequency of crop dusting 
accidents is more than we realize. Actually over 
300 were reported last year, but I am sure there 
were at least that many which were not reported. 

Another point I would like to make is that none 
of the four patients we reported in the McKinney 
series wore shoulder harnesses. 

Third, I believe this is a problem of prevention 
and that the measures which were recommended 
would help. 

N. J. Giannestras (closing): I am in complete 
agreement with Dr. Cox that in a youngster who 
suffers a fractured hip, or in a young adult, the 
results are almost universally poor, but I believe 
the reason for this is that the type of force which 
produces a fracture in the child or in the young 
adult is entirely different than that in an elderly 
person. I would no more think of inserting a bone 
graft in a child’s hip for an intercapsular fracture 
than Preston Wade would consider putting in an 
intramedullary nail in a youngster’s femoral canal. 
The observations by Dr. Reno regarding the 
presence of an intact retinaculum are very inter- 
esting. Since a major portion of the circulation to 
the neck and head courses through the retinaculum, 
an intact one will assure better blood supply to 
the area. 

Dr. McLaughlin has posed several questions and 
I shall do my best to attempt to answer them. His 
first question dealt with my criteria for union in 
the intercapsular hip fractures. There is no question 
in my mind that the fracture has healed if after a 
period of 6 to 9 months, following routine antero- 
posterior and lateral views taken successively, 
there is progressive evidence of healing at the site 
of the fracture with no disruption or evidence of 
non-union following gradual but increased weight 
bearing. Furthermore, one can be certain that 
union has taken place when the person can resume 
full weight bearing and can continue without any 
evidence of disruption or absorption about the nail 
after a period of twelve months. I believe one can 
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categorically state that a fracture is healed if it 
meets these criteria. 

I am in agreement with Dr. McLaughlin that 
the graft certainly acts as a scaffold for the in- 
growth of granulation into the head that is dead or 
devitalized and that it also serves as a channel for 
the formation of new blood vessels to the area. As 
regards his statement that the great majority of 
the heads of the femur are avascular and require 
revitalization, how then does one account for the 
presence of the viable head, as accepted by the 
present x-ray criteria, persisting in many ununited 
fractures of the hip? 

Time does not permit me to go into complete 
discussion relative to the one patient who was 
excluded from the series because of weight bearing 
on her part. By this weight bearing I did not mean 
the usual placing of the toe on the floor while the 
elderly person attempts to balance himself using 
a walker; this person had not only placed full 
weight on the extremity but had torn the nail out 
of the head and had fractured the bone graft. I 
believe this is somewhat different from the concept 
which Dr. McLaughlin had in mind of minimal 
weight bearing which occurs quite frequently. | 
wish to thank Dr. McLaughlin for his extremely 
complimentary remarks relative to surgical skill 
which is the primary cause of the success in this 
operative procedure whereby 100 per cent union 
has occurred. However, at the same time he ques- 
tioned whether or not union was present in all of 
those cases. My answer to this question is that the 
x-rays are available as well as the patients who 
have been followed up for a minimum of 16 months. 
They demonstrate no evidence of non-union and 
are able to walk about with a minimal amount of 
discomfort. I agree with him that good hip surgery 
should be performed and that it is our duty to 
teach our residents how to reduce fractures and 
how to nail them properly rather than permit them 
to perform hip pinnings with only a minimal 
amount of supervision. 

Oscar P. Hampton, Jr. (closing): | want to 
thank Dr. Wade for his discussion and particularly 
for bringing out the fact that these fractures in 
children should not be nailed. 

Our thesis is that in closed bad fractures of the 
bones of the leg it is not necessary to open the 
fracture site in order to obtain an adequate stable 
fixation. I may not have made that point clear. In 
the cases mentioned, the only open reductions were 
in open fractures, the last two. The others were 
nailed closed. I am certain that with open reduction 
for screw fixation or plate fixation, even at Presby- 
terian Hospital, some of the operative wounds have 
delayed healing. We have been able to fix many of 
these fractures without open reduction. In San 
Francisco and at Cornell they could and should fix 
a lot of them with blind or closed nailing and, 
thereby, avoid the complications of failure of 
wound healing. 
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CARLETON MaTHEWSON, JR., M.D., WiLLis C. ScHAUPP, M.D., Mayor Francis C. Dimonp, M.c 
AND Cot. S. W. FRENCH, 111, M.c., San Francisco, California 


é RAUMATIC perforation of the esophagus _ the hope that they might throw some light on 

y due to instrumentation, according to _ this difficult problem. 

¢ our own studies and those of others [2,4,19,20], Material. Fifty-four cases of traumatic 
is definitely on the increase. Seybold et al. [19], | rupture of the esophagus have been studied. 
in a review of fifty cases seen at the Mayo ‘Twenty-one occurred in the cervical esophagus, 
Clinic from 1907 until 1949, reported twenty- sixteen in the upper and mid-thoracic region, 
one cases encountered in the thirty-six-year 


period from 1907 through 1942, while in the 

* six and a half year period from January 1943 

or through June 1949 there were twenty-nine Level No. of Patients | Died | Per cent . 
the cases. Jemerin [12] reported twenty-two cases ee 
treated at Mt. Sinai Hospital in an eleven-year 
om period prior to 1936, whereas forty-seven  Cervical............ 21 2 10 

> cases were encountered in the twelve-year | Upper thoracic...... 16 4 25 

th period from 1936 through 1947. The increase in Lower thoracic...... ad 5 29 

os to the increasing frequency of esophageal 

Pa instrumentation in the diagnosis and treat- 
as ment of lesions of the esophagus and stomach. _and seventeen in the lower thorax just above | 

a The incidence of perforation from other causes the diaphragm. There were eleven deaths (a 

y remains about stationary. mortality of 20 per cent), two following perfo- 


Even the most skilled endoscopists recognize _ ration in the cervical region, four after perfo- 
and admit the great danger of trauma from _ ration in the upper thoracic region and five 


instrumentation of the normal esophagus after supradiaphragmatic laceration. (Table 
‘ and the particular vulnerability to perforation 1.) The deaths, as will be discussed herein, 
a of areas of stricture due to scar tissue or seemed to be related definitely to the location 
a disease. and size of the laceration, and to the presence 
Because of the increasing incidence of eso- or absence of involvement of one or both 

phageal trauma from instrumentation, thoracic __ pleural cavities. 
ve and general surgeons alike are frequently The youngest patient was one month of age 
: called upon to confirm the diagnosis and to and the oldest was eighty-five years of age. 


ik institute proper therapy. Although the poten- The greatest number of patients were in the 
pete tial dangers of this catastrophe are now well _ first decade of life, although patients in every 
‘ recognized, there seems to be little unanimity of | decade of life from one month to eighty-five 
opinion regarding proper therapy [2,4,13-16, | years were represented. The ages by decades 
19]. Some authors are strong advocates of are shown in Table 11. 

. immediate surgical intervention [2,10,15,16, Of the fifty-four perforations encountered, 
oe 19,22], while others propose a more con- _ eighteen resulted from trauma induced by the 
ee servative approach ly, 13,14]. Because of this esophagoscope, fifteen were caused by the 
divergence of opinion, we have studied a _ ingestion of foreign bodies, six were secondary 
group of cases treated in the San Francisco __to attempted dilatation, four were secondary 
Bay area hospitals in the past ten years with to biopsy, one was caused by a gastroscope 
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and two cervical lacerations were caused by 
external trauma. Postemetic rupture occurred 
in five patients, while one occurred as the result 
of forceful lavage. The remaining two perfora- 
tions resulted from internal trauma; one from a 
mother’s finger and the other from attempted 


bones, etc., occurred immediately following 
ingestion. However, larger and more blunt 
objects such as dentures caused perforation 
only after prolonged incarceration resulted in 
pressure necrosis of the esophageal wall. 
Delayed perforation also occurred following 


TABLE II TABLE II 
AGES BY DECADES ETIOLOGY 
Age (yr.) | No. of Patients Died Per cent Cause bees of Died | Percent 
atients 

0-10 13 4 31 Esophagoscopy.......... 18 2 11 
21-30 2 I 50 Foreign body........... 15 2 13 
31-40 6 2 33 Gastroscopy............ I 
41-50 6 o Spontaneous rupture... .. 5 2 40 
51-60 10 I 10 External trauma......... 2 o + 
61-70 7 o La Internal trauma..... 2 I 50 
71-80 5 3 60 4 I 25 
Total 54 11 20 54 11 20 


dilatation with a straightened coat hanger. 
(Table 111.) 

Etiology. The causes of perforation in the 
cases, together with the deaths encountered in 
each category, are shown in Table m1. Our 
data confirm the experience of others, that the 
great majority of perforations are secondary 
to instrumentation and that in the undiseased 
organ they occur at one or another of the areas 
of normal narrowing [2,4,19]. The narrowest 
of these, and the site most commonly injured 
with an endoscope, is at the esophageal in- 
troitus at the level of the cricoid cartilage. The 
next site of narrowing is at the level of the 
aortic arch and the left main bronchus. At 
this level perforations were somewhat less 
common than those just above the point of 
narrowing where the esophagus passes through 
the diaphragm. 

In the diseased esophagus perforation by 
instrumentation usually occurred just above 
the level of an obstructive lesion such as a 
carcinoma or stricture. 

Aside from the perforations which occurred 
as the result of instrumentation, the esophagus 
was traumatized by the ingestion of sharp or 
pointed objects which produced sudden tears 
or gradual erosion of the esophageal wall from 
pressure necrosis. The puncture wounds in- 
duced by sharp objects such as pins, chicken 
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suppuration secondary to infection resulting 
from superficial tears of the mucous membrane. 

Postemetic or the so-called spontaneous per- 
forations all occurred in the lower one-third of 
the esophagus just above the diaphragm follow- 
ing violent retching or vomiting. We agree with 
others [5,10,16] that these should be considered 
a rupture of the organ and therefore traumatic 
in origin. 

Severe damage to the esophageal wall oc- 
curred as the result of ingestion of lye and 
other caustic agents; however, perforation 
occurred in our cases only when instrumenta- 
tion or attempted dilatation caused traumatic 
laceration. 

Other causes of perforation encountered in 
the cases studied were forceful esophageal 
lavage, self-induced laceration and external 
trauma. 

The levels of perforation with the number of 
deaths resulting at each level in the fifty-four 
patients studied are shown in Table 1. 

Pathology. Needless to say, a thorough 
knowledge of the anatomy of the neck and 
mediastinum is ~essential for proper under- 
standing of the pathologic processes which 
result from esophageal trauma. Numerous 
detailed studies of the fascial planes of the 
neck and anatomic relationships of the esopha- 
gus to other organs in the chest have been 
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published with careful descriptions of the 
pathologic physiology resulting from injury at 
the various levels [8,10,19]. These need not be 
repeated. Suffice it to say that both diagnosis 
and rational treatment of esophageal trauma 
must be based on a thorough knowledge of the 
regional anatomy involved in the injury. The 
fascial spaces in the neck and upper medias- 
tinum and the anatomic relations of the 
pleura, lung and pericardium to the esophagus 
in the chest were the factors which determined 
the nature of the pathologic process which 
resulted from perforation at different levels. In 
only one case did the perforation per se cause 
death. This was a fishbone lodged in a diver- 
ticulum which perforated the aorta, resulting 
in a fatal hemorrhage |3]. Rapidly spreading 
infection in the mediastinum, pleural cavity, 
pericardium or peritoneum caused the compli- 
cations encountered in the patients studied. 
Anticipation of the potential spread of infection 
and the early recognition of the tissues in- 
volved in perforations at various levels should 
facilitate early treatment and the prevention 
of the serious complications of spreading 
infection. 

Diagnostic Features. A high degree of sus- 
picion appears to be the most important single 
factor in early diagnosis. Frequently the endos- 
copist will recognize perforation as it occurs. 
This, unfortunately, is not always true. There- 
fore the possibility of unrecognized trauma 
should be kept in mind constantly and each 
patient should be checked after endoscopy for 
signs of perforation. Although pain was the 
most prominent symptom encountered, it was 
not always immediate and varied greatly in 
degree. Minor perforations often caused little 
or no pain initially and only moderate pain 
associated with motion or breathing later. 
Large lacerations such as those encountered 
with postemetic ruptures precipitated sudden 
excruciating pain simulating coronary occlu- 
sions or perforated ulcer [9g]. The character and 
location of the pain seemed to be determined 
by the location and size of the perforation and 
the extent of the resultant inflammatory 
process. Perforation should always be sus- 
pected when a patient complains of any degree 
of pain and has a history of recent endoscopy 
or of recent ingestion of a foreign body or 
caustic. 

Fever and dysphagia were common early 
symptoms, but these also depended on the 
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extent and location of the perforation and the 
amount of inflammation present. 

Respiratory distress, hoarseness and cyanosis 
all were encountered but not as early manifesta- 
tions, except in the sudden, massive con- 
tamination of the mediastinum and pleura re- 
sulting from a large laceration. . 

Physical Signs. The physical signs en- 
countered were dependent, as one might expect, 
on the location and extent of the mediastinitis, 
pleuritis or peritonitis resulting from the per- 
foration. In _ perforations of the cervical 
esophagus, local tenderness and crepitation of 
the soft tissues were early signs, whereas 
dysphagia, hoarseness and pain with motion 
often developed later. 

Perforations with direct entry into the pleural 
cavity were followed usually by prompt ac- 
cumulations of fluid and air in the pleural space. 
These were picked up readily on physical ex- 
amination. Occasionally tension pneumothorax 
led to severe dyspnea and cyanosis. Signs of 
mediastinal emphysema usually developed 
late. 

The ruptures of the lower esophagus were 
associated with very severe substernal and 
epigastric pain, dyspnea and cyanosis. These 
patients were all severely ill from the onset and 
were usually in a state of shock when first seen. 

Radiologic Findings. The usual radiologic 
findings commensurate with the various stages 
of mediastinitis, pleuritis and hydropneumo- 
thorax were useful aids in diagnosis. Radio- 
paque material given by mouth confirmed the 
diagnosis in a number of cases [7,11]. Roent- 
genologic evidence of a nasogastric rubber 
catheter protruding from the esophagus into 
the free pleural space confirmed the suspicion 
of perforation in two patients, and a similar 
catheter extending beyond the esophagus into 
the peritoneal cavity gave the positive evi- 
dence in another patient. Because of the serious 
danger of passing a catheter through a per- 
foration in the esophageal wall, it would seem 
wise that intubation never be done blindly. If 
indicated, a nasogastric tube should be passed 
under fluoroscopic control. 


THERAPY EMPLOYED 


Table tv represents the types of therapy em- 
ployed in the cases studied and the deaths 
encountered according to the level of the 
injury. It is noteworthy that no deaths oc- 
curred when conservative management alone 
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TABLE IV 
THERAPY EMPLOYED BY REGIONS, WITH DEATHS 


| 
| 
| Cervical Riaion | Upper Thoracic | Lower Thoracic | 


Region Region Total 
| | 
| No. of No. of | No. of | 
| | 
| Patients Deaths s| Patients Deaths | Patients Deaths | Patients) Deaths 
Conservative management..............| 1 | o | g | 3 5 2 25 5 
Cervical mediastinotomy............... 8 2 
Closed drainage of pleural space. . I 5 2 10 4 
Open drainage of pleural space (rib 1 re- | 
Open thoracotomy with repair of eso- 
phagus and closed 2 I 3 6 


Primary resection. 


was employed as the treatment of choice in 
lacerations of the cervical esophagus, whereas 
three of nine patients with mid-thoracic tears 
died on conservative management and two of 
five patients with lacerations of the lower 
thoracic region died on this type of treatment. 
It is apparent from an analysis of the deaths 
in this group that patients with laceration of 
the esophagus involving the pleura do poorly 
on conservative management, while those 
with lacerations involving the mediastinum 
alone may recover without surgical interven- 
tion [18]. The two patients who survived 
postemetic rupture of the esophagus without 
open operation also had ruptures involving the 
mediastinum without extending into the pleural 
cavity. 

In like manner, it is noteworthy that all six 
patients survived who were treated by open 
thoracotomy with immediate repair of the 
esophagus and closed drainage. It seems likely 
that had this method of treatment been 
elected in at least some of those patients who 
died, a more successful outcome might have 
been expected. 

Between these two extremes of therapeutic 
management a number of surgical procedures 
were undertaken. Cervical mediastinotomy was 
utilized in eight patients, with two deaths. 
Posterior mediastinotomy without entering the 


‘pleural cavity was successful in two cases. 


Closed drainage of the chest, either by catheter 
or by multiple thoracentesis, was utilized ten 
times, with two deaths. Eight of these resulted 
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in ultimate rib resection for the management of 
empyema, with two deaths. In the one case in 
which treatment was by primary resection the 
result was successful. This resection had been 
performed immediately after biopsy of a car- 
cinoma near the cardia had resulted in recog- 
nized perforation. 

Because all these patients have been seen 
during the past ten years, intensive antibiotic 
therapy has been a part of the regimen in each 
case, regardless of the method of treatment 
elected. There can be little question that here, 
as in the management of perforations of a 
hollow viscus elsewhere in the body, the results 
of all types of therapy are improved vastly by 
the intelligent use of suitable antibiotics. 
Nevertheless, it is imperative that the diagnosis 
be established early and that antibiotic therapy 
not be utilized to the exclusion of other rational 
therapy. 

Multiple surgical procedures were resorted 
to in ten cases, with only one fatality. Four of 
these procedures consisted of initial closed 
drainage of the chest, subsequently requiring 
rib resection for the management of a com- 
plicating empyema. Two patients required 
mediastinotomy following primary closure of 
an esophageal laceration. Two patients treated 
by cervical mediastinotomy later required 
thoracotomy for infections extending into the 
thorax. Tracheotomy was utilized as an adjunct 
to treatment in two patients. Gastrostomy for 
feeding purposes was used four times and 
jejunostomy once. Multiple thoracentesis was 
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followed by closed tube drainage on two . 


occasions. 


ANALYSIS OF ELEVEN DEATHS 


One patient, aged fifty-two, died after per- | 


foration of the aorta by a fishbone which had 
become lodged in a diverticulum of the esopha- 


gus. He died of massive hemorrhage without 


therapy. 

Cervical abscess developed in a seventy-five 
year old man after he had swallowed a chicken 
bone while still under the influence of local 
anesthesia used for a tooth extraction. The 
abscess was drained by cervical mediastinot- 
omy but this did not prevent extension into the 
thorax, resulting in fulminating mediastinitis, 
rupture into the pleura, empyema and death. 

Another seventy-five year old man died of 
peritonitis resulting from contamination which 
followed the course of a nasogastric tube that 
had been passed through a biopsy site in the 
esophagus into the free peritoneal cavity. 

A seventy-four year old woman died in shock 
following open thoracotomy and repair of a 
postemetic rupture of the lower esophagus 
undertaken twenty-four hours after injury. 

Bilateral pleural effusion and sepsis de- 
veloped in an eighteen month old infant after 


perforation of the mid-esophagus from dilata- 


tion of an old stricture caused by the ingestion 
of lye. The pediatricians chose conservative 
management after open repair was suggested 
by the surgical staff. Postmortem examination 
demonstrated a 1 cm. tear in the wall of the 
esophagus, just above a fibrous stricture, 
which involved both pleural spaces. 

A thirty-five year old woman with severe 
alcoholism died in shock following postemetic 
rupture of the lower esophagus. Her general 
condition on admission did not permit surgery. 

A one year old infant died of sepsis following 
conservative management of an empyema 
which developed secondary to direct perfora- 
tion into the thorax during dilatation of a mid- 
thoracic postoperative esophageal stricture. 

A thirty-three year old man died from 
empyema fifteen days after rupture of the 
lower esophagus, which was caused by dilata- 
tion of the cardia with a Plummer bag. 

A two year old child died two days after 
rupture of the esophagus, which occurred when 
the mother pushed her finger down the infant’s 
throat. Bilateral pulmonary collapse did not 
respond to repeated thoracentesis. 


A thirty year old man died of empyema and 
sepsis following perforation with a_ biopsy 
forceps at the site of a carcinoma of the esopha- 
gus. He was treated with repeated pleural taps 
and closed drainage. 

A three month old infant died following per- 
foration of the mid-thoracic esophagus during 
dilatation of a postoperative esophageal stric- 
ture. The infant died in shock following closed 
drainage of a pyopneumothorax. 


COMMENT 


Once again it should be emphasized that the 
single most important factor in the manage- 
ment of esophageal perforation is early recogni- 
tion. Inasmuch as the greatest number of per- 
forations occur following instrumentation, all 
patients who have undergone endoscopy should 
be watched cautiously. This is true particu- 
larly of those patients in whom dilatation of 
esophageal stricture has been attempted or in 
infants under the age of reason who may not 
complain of the early symptoms. In one of the 
children studied, perforation during dilatation 
of a stricture of the thoracic esophagus was 
discovered on x-ray examination immediately 
following injury only because the endoscopist 
was aware of the possibility of injury and looked 
for it. A nasogastric tube was demonstrated 
entering the chest cavity. Open thoracotomy 
with repair of the esophageal laceration before 
the patient awakened from the initial anes- 
thesia resulted in an uncomplicated con- 
valescence. In another infant traumatic per- 
foration was seen through the esophagoscope 
before completion of the endoscopic examina- 
tion. Immediate thoracotomy and repair of the 
laceration led to an uncomplicated convales- 
cence. Both these infants were under one year 
of age. There were two other patients under 
one year of age in our series. Each of these 
suffered with perforations of the thoracic 
esophagus following dilatation; however, the 
perforations were unsuspected until high fever, 
restlessness and signs of pneumothorax led to 
the diagnosis. Closed drainage of the chest in 
these two infants resulted in death. Earlier 
diagnosis and surgical repair in all probability 
would have saved these children. 

There can be little doubt that the judicious 
use of antibiotic therapy has changed the prog- 
nosis in patients with all degrees of perfora- 
tion; this is true most particularly, however, 
in those with minor perforations involving the 
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mucous membrane alone or minute perforations 
of the entire esophageal wall. We have been 
impressed in this study by the number of pa- 
tients who have recovered without complica- 
tions from demonstrable perforations on con- 
servative management. Here, again, the time 
factor plays a most important role. A regimen 
of no oral feedings, nasogastric suction, bedrest 
and the administration of large doses of broad- 
spectrum antibiotics instituted early, before 
gross contamination of the mediastinum has 
taken place, may prevent spreading infection 
and result in a fairly high percentage of un- 
complicated cures. 

On the other hand, it seems obvious that the 
best results in large tears of the esophageal 
wall, particularly in those that extend into the 
pleural cavity, are obtained by early open 
operation with closure of the perforation and 
adequate drainage of the surrounding tissues. 
Immediate and complete re-expansion of the 
lungs is important to prevent empyema. Al- 
though a less radical approach resulted in 
eventual recovery in a number of patients, the 
convalescence was long and complicated, and a 
number of drainage procedures became neces- 
sary to control spreading infection. 

Five of the eleven deaths in this series of 
cases might have been prevented had a more 
aggressive surgical approach been adopted. 

Although two of the five patients with post- 
emetic ruptures of the lower esophagus even- 
tually recovered following initial conservative 
management, it is noteworthy that the pleural 
space had not been contaminated in either of 
these. There is no question that when dealing 
with this situation immediate open operation 
is the only means of preventing almost certain 
death. 


CONCLUSIONS 


The single most important factor in the 
treatment of traumatic perforations of the 
esophagus is the immediate recognition of the 
lesion. The prognosis and rational therapy 
depend on a number of factors, including the 
location, size and duration of the wound, and 
the anatomic structures involved. Conservative 
management of minor lacerations that involve 
the esophageal wall alone may be successful if 
therapy is instituted before gross contamina- 
tion and infection have taken place. Larger 
perforations, particularly those involving the 
pleural space or peritoneum, are treated best 
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by early open operation with closure of the 
esophageal wall and the establishment of ade- 
quate drainage. Re-expansion of the lung is 
important. 


SUMMARY 


1. Fifty-four cases of traumatic perforation 
of the esophagus have been studied. 

2. The most frequent location of the: per- 
foration was in the cervical esophagus. 

3. Instrumentation was the most frequent 
cause of perforation. 

4. Conservative management was_ under- 
taken in twenty-five patients, with five deaths. 

5. There were eleven deaths in the fifty-four 
cases studied. 
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Deceleration Trauma 


Cuarces L. Marsu, M.D. AND C. Moore, m.p., San Francisco, California 


er are quoted daily on the impor- 
tance of the automobile as an etiologic 
agent of death and injury [10,11,24,25]. Inertia, 
that is the inability of an object to move itself, 
or once moving to change its direction of 
motion or stop without the addition of some 
outside force, is the contributing factor. The 
deceleration component, that is the sudden 
stop, is the direct etiologic agent. Deceleration 
forces produce considerable damage to the 
vehicle but the unprotected occupant of the 
car continues forward after the vehicle has 
stopped and is subject to even greater decelera- 
tive forces. It behooves the medical profession 
and the automotive industry to cooperate in 
the reduction of death and injury on the high- 
way as a profound problem in preventive 
medicine. Harper [29] states, ‘‘Our traffic 
accident performances of the past and present 
give a complete and vivid portrayal of inertia- 
out-of-control.” He states, ‘“‘Using motion 
without understanding inertia is a_ highly 
dangerous pastime . . . as a matter of fact, 
our entire approach to the use of the automo- 
bile has been one of reckless abandon.” He 
emphasizes that accident prevention has domi- 
nated thought, particularly in determining 
what or who has caused the accident [29]. We 
echo his opinion that at least we in the medical 
profession should concentrate on what has 
produced the injury. 

Experimental studies have been reported 
by many authors. The first major study of 
accident injuries was made by the Indiana 
State Police together with the Cornell Univer- 
sity Medical College Crash Center under the 
direction of Hugh DeHaven [6]. Harper states 
that: (1) 26 per cent of the persons were killed 
by being thrown outside the vehicles; (2) 58 per 
cent were killed by bouncing around inside the 
cars; (3) 16 per cent were killed in non-sur- 
_vivable accidents [29]. It was the conclusion 
of the aforementioned groups [6] that 84 per 
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cent of the persons need not have died if 
adequate protective measures had been applied. 
This makes it quite evident that injuries and 
death can be drastically reduced. With the 
acceleration of interest in this field in the past 
ten years our bibliography is admittedly a 
cursory survey of the literature. We have 
referred to these background experimental 
studies in an effort to understand the forces 
producing injury and death which we have seen 
in our own experience. We are not seeing the 
results of controlled laboratory experiments but 
rather the result of multiple and sometimes an 
almost infinite array of factors focused in that 
split second of time during which the collision 
occurs. The emotional and physical states of 
the drivers of the vehicles, the condition of the 
vehicles at the time, the state of the road, 
weather and so forth, all contribute to the 
cumulative effect of the final crash. 

To enlarge further upon the etiologic factor 
in the production of death and injury, we would 
like to give a brief review of physics of the 
forces transmitted to the body of the victim in 
the form of kinetic energy. This is designated 
by the formula: 


Kinetic Energy = Mass X Velocity? 


The kinetic energy developed in a 5,000 
pound car such as a Buick Roadmaster at 
30 miles an hour is approximately 5 million 
foot pounds per second. This is linear velocity 
kinetic energy, and the development of this 
alone produces no damage. It is the sudden 
change of force with deceleration that produces 
the damage. Deceleration is expressed as: 


Deceleration 
_ Velocity? (in foot pounds per second) 
Stopping Distance X 2 


In a stopping distance of 2 feet, which is a 
long distance in a head-on collision at 30 miles 
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Fic. 1. Extensive laceration due to impact against 
windshield. Good recovery with plastic surgery. (From: 
Marsh, C. L. and Moore, R. C. The medical aspects of 
highway accidents. South Dakota J. Med. er Pharm., 
8: 103-113, 1955.) 


an hour, the automobile will receive an impact 
deceleration of 15 G units. However, the passen- 
ger stops in a matter of inches rather than feet 
and therefore may receive anywhere from 150 
to 180 G units applied to that portion of the 
body coming in contact with the car. For 
example, if he stops in 2 inches he receives 
172 G’s of force. The person in the right-hand 
front seat is the prime target for this sudden 
deceleration type of injury in a head-on colli- 
sion. If the stopping distance can be increased 
from 2 to 4 or 5 feet or more, the decelerative 
force to the occupants is proportionately re- 
duced. For example, at 75 miles an hour with a 
car stopping in its own length, the decelerative 
force comes to approximately 35 G’s [2,8,29]. 
Herman T. Roth, associate physiologist at 
the University of California, has done consider- 
able research in human deceleration in auto- 
mobiles. He has stated that the human body 
can momentarily withstand decelerative forces 
up to 60 G’s for .o2 second, and 40 G’s for 
.I2 second, and the limit without fatality is 
between 70 and 100 G’s. Therefore, if the 
individual stops with the car rather than being 
hurled forward after the car has come to a stop, 


his chances of surviving are increased consider- 
ably. It behooves the driver, then, in avoiding 
a collision, to run off the road into a ditch or 
almost anything to avoid the massive decelera- 
tion produced in a head-on collision or collision 
with a fixed object such as a bridge abutment, 
wall or tree. At 60 miles an hour a head-on 
collision will develop G’s of force to the auto- 
mobile of approximately 120, but this may be 
multiplied to the passenger who is flying 
through the air for a short distance with G’s 
of force up to 1,200 or more applied to his 
body [12,13]. 

The windshield is responsible for head and 
facial injuries with a combination of impact 
deceleration and laceration. It goes without 
Saying that the plastic surgery involved is 
extensive and the psychic trauma to the pa- 
tient may be of more permanent effect than 
the physical trauma. (Fig. 1.) 

The steering wheel accounts for injuries to 
the thorax and trauma to the thoracic viscera, 
with contusion of the heart becoming recog- 
nized more and more as a factor. If the heart 
is in systole at the time of impact, there is 
likely to be rupture of the great vessels at 
their attachment to the heart. The dashboard 
is the prime traumatic agent to the person in 
the center or the right-hand front seat; the 
stopping distance is a matter of the few inches 
that the body can indent the dashboard includ- 
ing the glove compartment and the heater 
beneath. The persons in the right-hand front 
seat have multiple injuries with injuries to the 
head from hitting the windshield, thoracic and 
abdominal visceral injuries from the protrusion 
of the dashboard, and usually compounded 
injuries to the legs from the extremities being 
jammed up beneath the dashboard. Back seat 
passengers, if they remain in the car, most 


-commonly receive fractures of the spine and 


must be removed from the vehicle with this 
injury kept in mind. 

The examining physician must keep in mind 
the multiplicity of injuries or he will be misled 
into concentrating on a compound fracture or 
a laceration of the skull for example, when 
more serious internal injuries whose presence 
may more insidiously manifest themselves 
can be overlooked. The anoxia from an injury 
to the chest with hemothorax or pneumothorax 
may compound the anoxia from cerebral 
concussion. 

In general, one might state that the chest 
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Deceleration Trauma 


should receive first priority, the abdomen 
second, the head third and the extremities last. 
By way of emphasis these regions will be dis- 
cussed in that order [14]. 


CHEST 


The type of injury to the chest will be deter- 
mined by the nature of the blow. The steering 
wheel is the most important single traumatic 
agent. As far as the x-ray examination of the 
patient is concerned, we have made it a general 
rule that in the event of multiple injuries an 
x-ray examination of the chest be taken first. 

All of the following can occur as a result of a 
direct blow with sudden deceleration: trau- 
matic concussion edema of the lungs, atelec- 
tasis due to mucous plugs accumulating with 
limitation of motion of the diaphragm and 
splinting of the thorax' from pain, hemorrhage 
and edema of the lungs, laceration of the lungs 
either with or without rib fractures, hemo- 
thorax, pneumothorax, and avulsion of the 
major bronchi and vessels. 

We have had several deaths due to major 
lacerations of the great vessels with fatal 
hemorrhage. The heart may be torn from its 
moorings on the great vessels, or the vena cava 
may be avulsed from the right auricle. Con- 
cussion or contusion of the heart can produce 
electrocardiographic changes simulating coro- 
nary infarction. We have believed it advisable 
to take electrocardiograms twenty-four and 
forty-eight hours after trauma to the thorax 
over the heart as an important clue to the 
degree of concussion of the heart. In a more 
badly injured person a persistently rapid pulse 
indicates severe cardiac damage. 

To demonstrate the violent avulsion of a 
bronchus which can occur as the result of such 
deceleration or in a blow to the chest, we cite 
the instance of a four year old girl who was hit 
by a car traveling at approximately 40 miles 
an hour with much the same mechanism as 
would occur when a passenger Is in a car in a 
head-on collision at approximately the same 
speed. The right main bronchus and right 
pulmonary artery were completely avulsed. 
(Fig. 2.) X-ray examinations revealed marked 
subcutaneous emphysema and gradually in- 
creasing opacity of the right lung. She died 
after five days with a preoperative diagnosis of 
laceration of the right main bronchus and pro- 
gressive atelectasis and pneumonia involving 
the right Iung. Autopsy revealed complete 


Fic. 2. Complete avulsion of pulmonary vessels and 

.vight main bronchus from deceleration impact to 
thorax. (From: Marsn, C. L. and Moore, R. C. The 
medical aspects of highway accidents. South Dakota J. 
Med. er Pharm., 8: 103-113, 1955.) 


laceration of the right main bronchus and of the 
right pulmonary vein with thrombosis, hemor- 
rhage, atelectasis and pneumonia involving the 
entire right lung. Several others who have been 
brought in in extremis have died within a few 
minutes after reaching the hospital in similar 
circumstances, usually with avulsion of the left 
pulmonary artery and fatal hemorrhage. This 
girl was the only one who lived more than a 
few hours. 

Dr. Jacob Berman, in an address before the 
Omaha-Douglas County Medical Society, re- 
cently described a case in which the diagnosis 
of rupture of the right main bronchus was sus- 
pected. It was found that the bronchus of this 
adult patient was completely torn asunder. 
The bronchus was repaired and the circulation 
was restored, with the patient regaining func- 
tion of the right lung. 

Last, a very dramatic instance of dashboard 
injury was noted. In a head-on collision at a 
moderate speed of 35 to 40 miles an hour a 
woman in the right-hand front seat was thrown 
forward against the dashboard and her head hit 
the windshield. (Fig. 3.) She received a lacera- 
tion of the scalp with severe bleeding. Dextran 
was given at the scene of the accident and the 
woman was transported 26 miles to the hos- 
pital. She received three transfusions during 
the next two and a half hours. At the end of 
this time she suddenly died. At autopsy it was 
found that the vena cava had been completely 
avulsed from the posterior portion of the right 
auricle, leaving a hole 1% inches in diameter. 
The remarkable feature of this case was the 
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windshield from impact of the passenger’s head. (From: Marsu, C. L. and 
Moore, R. C. The medical aspects of highway accidents. South Dakota J. 


Med. ev Pharm., 8: 103-113, 1955.) 


Fic. 4. Posterior aspect of the heart of woman passen- 
ger. (Mechanism of injury shown in Figure 3.) Superior 
vena cava avulsed from the right auricle showing 
defect 4 cm. in diameter. (From: Marsn, C. L. and 
Moore, R. C. The medical aspects of highway acci- 
dents. South Dakota J. Med. er Pharm., 8: 103-113, 
1955.) 


fact that she lived for nearly three hours. 
(Fig. 4.) 
ABDOMEN 


The liver, spleen and kidneys, being solid 
organs, are quite vulnerable to direct trauma. 
The bulk of the liver contributes to the kinetic 
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energy built up by its deceleration, and there- 
fore this organ is very prone to laceration. The 
spleen is frequently ruptured and must be 
considered in conjunction with traumatic 
rupture of the kidney on the left side. If there 
are rib fractures over the spleen or liver, the 


possibility of laceration of these organs is con- 


siderably enhanced. Some authors quote as 
high as 80 per cent incidence [27]. The serious- 
ness of failure to recognize a laceration of the 
spleen is well known. Exsanguinating hemor- 
rhage can occur a week or two after the injury 
when the clot undergoes absorption. Careful 
correlation of clinical, laboratory and x-ray 
findings is necessary for an accurate diagnosis 
of splenic rupture. A depressed red blood cell 
count and a rising white blood cell count are 
the laboratory clues of significance. The follow- 
ing x-ray findings are of importance: the pres- 
ence of small amounts of fluid at the left costo- 
phrenic angle, rib fractures, loss of soft tissue 
outlines of the spleen, enlargement of the 
splenic shadow over a short period of time, loss 
of peritoneal reflections in the upper abdomen, 
serration of the gas shadows in the stomach 
and an increase in soft tissue density outlining 
the stomach or between gas-distended loops of 
bowel in the upper quadrant of the abdomen. 
Significant clinical findings are the shock-like 
appearance of the patient and the complaint 
of pain in the left shoulder, and some pain and 
tenderness in the upper abdomen, with or 
without spasm. 
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Fic. 5. Indentation of dashboard produced by impact 
of the body of a passenger. Stopping distance approxi- 
mately 2 inches. Range of 200 G’s of force to body. 
(From: Marsn, C. L. and Moore, R. C. The medical 
aspects of highway accidents. South Dakota J. Med. e 
Pharm., 8: 103-113, 1955.) 


It should be remembered that these factors 
are all confused by possible contusion or actual 
rupture of the gastrointestinal tract. Hemor- 
rhage may occur with the formation of hema- 
tomas simulating tumors within the bowel wall. 
Ileus frequently accompanies fractures of the 
spine and can confuse the picture. A ruptured 
left diaphragm is an indication of a blow of 
sufficient severity to rupture the left kidney 
and spleen at the same time. In one woman 
who was slammed violently against the dash- 
board of an automobile sufficiently hard to 
produce an indentation by her body (Fig. 5) 
the liver was so badly macerated from the 
blow that she died of an exsanguinating hemor- 
rhage before anything could be done [5,27]. 
(Fig. 6.) 


SKULL 


There are two general types of conditions 
which we have observed aside from the more 
obvious compound comminuted fractures of 
the skull. One is diffuse edema and the other is 
diffuse hemorrhage spread over the surface of 
the brain, involving possibly one hemisphere 
more than the other. One such instance oc- 
curred in a child who was in a car hit by a train. 
Diffuse edema of the brain and surface hemor- 
rhage developed which were irreversible despite 
neurosurgical intervention with the elevation 
of a bone flap. A preoperative impression was 
of a subdural hematoma but only diffuse 
hemorrhage and edema were found. Atelectasis 
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Fic. 6. Liver from body of the victim who produced the 
dent in the dashboard shown in Figure 5. (From: 
Mars, C, L. and Moore, R. C. The medical aspects of 
highway accidents. South Dakota J. Med. er Pharm., 8: 
103-113, 1955.) 


Fic. 7. Contrecoup intramedullary hemorrhage from a 
blow to the frontal bone with frontal fracture. (From: 
Marsn, C. L. and Moore, R. C. The medical aspects 
of highway accidents. South Dakota J. Med. ev Pharm., 
8: 103-113, 1955.) 


developed in the right lung which was irre- 
versible despite bronchoscopic drainage in the 
right main bronchus. Therefore the anoxia 
produced by the condition of the brain and the 
diminished pulmonary oxygenation capacity 
contributed to the patient’s death at the end 
of three days [17]. 

In an accident occurring as a head-on colli- 
sion in a snowstorm with the estimated speed 
of the vehicles at the time of the sudden stop 
at approximately 45 miles an hour, the stopping 
distance was probably less than 1 foot. The 
driver received a depressed fracture of the 
frontal bone with diffuse hemorrhage beneath 
the galea and over the surface of the brain. 
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Fic. 8. Typical interior of car from sudden deceleration. 
Driver received fracture-dislocation of cervical spine, 
fractured wrist and ruptured spleen. (From: Marsn, 
‘3 C. L. and Moore, R. C. The medical aspects of high- 
way accidents. South Dakota J. Med. er Pharm., 8: 103- 
113, 1955.) 


However, the fatal injury was a small hemor- 


oa rhage approximately 3 mm. in diameter in the 
Ps medulla from contrecoup concussion. (Fig. 7.) 
foi The victim also received other injuries which 
be will be discussed later, under the heading of 
st Multiplicity of Injuries. 


In another single car accident the insurance 
and medicolegal aspects were quite important 
in demonstrating a fracture of the skull as the 
ae primary cause of death when a heart attack 
fe was considered to be the cause. A man driving 
Le a pickup truck suddenly swerved from the road 

eer into a ditch. No one was able to explain the 
Seva reason for the car going off the road. The 
hay driver was dead when seen at the time of the 
De accident and it was thought that he quite 
id possibly had had an acute coronary thrombosis 
a while driving. The patient had a history of 


nS severe hypertension, and the possibility of a 
Sia cerebrovascular accident was also considered. 
ae However, because of the circumstances an 


autopsy was performed [23]. In this instance a 
basal skull fracture was discovered with a fatal 
hemorrhage occurring due to laceration of the 
sigmoid sinus. The death was attributed 
ae directly to the accident and double indemnity 
insurance therefore was payable. Since the 
man had had only an accident insurance 
policy, the finding was of importance to the 
surviving members of his family. 

Gurdjian, Webster and Lissner [9], in studies 
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Fic. 9. Fracture through arch of second cervical spine 
with forward dislocation of the second cervical vertebra 
on the third due to sudden deceleration in car shown 
in Figure 8. (From: Marsn, C. L. and Moore, R. C. 
The medical aspects of highway accidents. South 
Dakota J. Med. er Pharm., 8: 103-113, 1955.) 


on fracture of the skull stressing the engineering 
factors, found that the energy requirements for 
the production of a single fracture with a blow 
in four different positions varied from 400 to 
goo inch pounds. The average energy required 
was approximately 571 inch pounds. The least 
energy required for fracture was approximately 
400 inch pounds, and that in the frontal area 
which is most vulnerable varied from 425 to 
803 inch pounds. The kinetic energy of a fast 
baseball of approximately 100 feet per second 
and weighing 5 ounces is 580 inch pounds. 
There is no direct correlation between the 
severity of cerebral damage and linear skull 
fracture. This of course can be assumed from 
the foregoing figures when the amount of 
energy varies from 400 to goo inch pounds. 
If the energy can be kept below 400 inch 
pounds, there is little likelihood of a fatal 
injury. Some skulls were found to absorb 
1,000 inch pounds without fracture, but this 
force would be sufficient to produce severe 
concussion [9]. 


| 2 
ay 

” 
~ 
} 
+ 


Deceleration Trauma 


— 10. Typical film taken with portable x-ray appara- 


US with patient on a cart. Whiplash type of injury; 
rear_end collision. (From: Marsu, C. L. and Moore, 


R. C. The medical aspects of highway accidents. 
South Dakota J. Med. ev Pharm., 8: 103-113, 1955.) 


CERVICAL SPINE 


The whiplash type of injury is a reversal of 
the deceleration type, but similar changes can 
be seen with sudden stopping of the vehicle 
from forward motion. A true whiplash injury 
requires two components, one of hyperexten- 
sion and one of flexion. It is difficult to produce 
a compression fracture by mere flexion unless 
an external force is applied such as a person 
diving into a fixed object while in a state of 
flexion [28]. In rear-end collisions the cervical 
spine is most vulnerable since it is above the 
protection of the rear of the seat. Therefore 
the cervical spine is first hyperextended and 
then violently flexed. In the milder forms of 
injury there is dorsal kyphosis or torticollis 
which develops soon after the accident, de- 
pending on the position of the head at the time 
of impact. The severe muscle spasm which 
occurs is quite painful and the sequela may 
persist for months or even years. It is therefore 
a problem of claim settlement. In the more 
severe degrees of deceleration or whiplash type 
of injury dislocation can occur. 
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Fic. 11. Same patient as in Figure 10 with neck traction 
applied and arms pulled down, revealing dislocation 
which previously had been completely obscured. (From: 
Marsn, C. L. and Moore, R. C. The medical aspects 
of highway accidents. South Dakota J. Med. er Pharm., 
8: 103-113, 1955.) 


In one instance a girl was driving a car which 
hit a frozen claybank at approximately 40 to 
50 miles an hour. She was thrown violently 
forward over the steering wheel and into the 
windshield. (Fig. 8.) She received a broken 
right wrist, a lacerated spleen and a dislocation 
of the second cervical vertebra on the third, 
with separation of the arch. (Fig. 9.) The 
separation of the arch probably prevented 
concussion or contusion of the cord and there- 
fore no cord signs were present. In another 
accident the seventh cervical vertebra was 
crushed superiorly but there was no dislocation 
and therefore no contusion of the cord. In a 
third instance a highway patrolman skidded 
off the road backward and hit a tree with a 
violent whiplash injury producing an anterior 
dislocation of the sixth cervical vertebra on 
the seventh, with complete paralysis below 
the level of the sixth. (Fig. 10.) He died within 
a period of approximately three weeks. 

It is important in such cases that the x-ray 
examination be taken with the patient’s arms 
pulled well down so that the full length of the 
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cervical spine can be demonstrated. Frequently 
a dislocation of the sixth cervical vertebra 
on the seventh may be missed. (Fig. 11.) When 
the clinical signs are apparent, this may not 
be important; but if the clinical signs are 
equivocal, it is quite important that this area 
be demonstrated. 

The most violent type of whiplash injury 
we have seen occurred when a car driven on 
icy pavement whirled around and_ skidded 
down the road backward, with the rear of the 
skidding car hitting almost directly the front 
of an advancing car with such violence that 
the driver of the first car was thrown into the 
back seat together with the front seat. He was 
completely paralyzed from the neck down. He 
was transported to the hospital in a flat posi- 
tion; x-rays were taken without moving him, 
and extensive fractures of the laminas and an 
almost explosive compression fracture of the 
sixth cervical vertebra were demonstrated. 
Immediate decompression of the cervical spine 
was done but the cord was so badly contused 
below the level of the sixth cervical vertebra 
that there was no restoration of function except 
for slight increase in muscular strength of the 
right upper arm. 

Fractures of the extremities are so common 
and their complications so apparent that they 
will not be discussed here. 


MULTIPLICITY OF INJURIES 


We have mentioned one case in which a small 
medullary hemorrhage was considered to be 
sufficient for the cause of death. This patient, 
however, also had a laceration of the superior 
vena cava, and the left femur was driven 
through the acetabulum, carrying with it the 
left femoral artery and femoral vein with 
partial laceration of these two vessels. He also 
had a ruptured spleen. 

In a head-on collision involving the right 
ront seat passenger, a woman in her middle 
thirties was thrown violently forward in an 
accident considered to have occurred at the 
moderate speed of 50 miles an hour. The esti- 
mated number of G’s of force applied to her 
body was in the range of 200. She received a 
compound comminuted fracture of the left leg 
below the knee, fracture of the right femur, 
compound fracture of the upper end of the 
right fibula, ruptured left diaphragm, ruptured 
spleen and kidney on the left side, partial 
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atelectasis of the left lower lobe, and such 
severe contusion of the heart that she eventu- 
ally died on the third day of severe cardiac 
arrhythmia which could never be corrected. 
Her left diaphragm had been repaired, the 
ruptured spleen removed and the fractures 
reduced. She withstood the operation well but 
never completely regained consciousness. There 
was no demonstrable injury to the head. 

To illustrate the importance of combined 
chest and abdominal injury, we cite the follow- 
ing case. A man was driving at a relatively 
high speed when he came upon a right angle 
turn. The car plunged off the road and hit a 
claybank on the far side of the ditch and 
dropped into the water on its side. The driver’s 
brother received a compound fracture of the 
right femur. The driver pulled his brother up 
onto the top of the car, helped the ambulance 
crew to put him on a stretcher and rode with 
him to the hospital. Because he was the driver 
of the car, he was sent to the radiology depart- 
ment while the compound fracture of his 
brother’s leg was being treated. Before the 
x-ray film was developed, the man was dead. 
At autopsy it was found that he had a lacera- 
tion of the superior vena cava, a ruptured left 
diaphragm and a ruptured spleen. However, 
the man was not in shock and was in a condi- 
tion sufficient to perform the activities just 
mentioned prior to his sudden death due to 
exsanguinating hemorrhage from laceration of 
the superior vena cava. The importance, 
therefore, of violent trauma to the thorax of 
the driver of a car particularly cannot be 
overemphasized. 

In another instance a child was admitted to 
the hospital with a compound fracture of the 
left leg, taken to surgery and the fracture 
reduced. However, the child did not do well 
during anesthesia or afterward, and a subse- 
quent x-ray of the chest revealed a tension 
pneumothorax. When this condition was recog- . 
nized and the tension relieved by needle 
aspiration of the thorax, the child immediately 
responded and had an uneventful recovery. 

We recently witnessed bilateral pneumo- 
thorax occurring in a young housewife thrown 
from her car in a collision. The pneumothorax 
on the right was increasing and therefore 
bilateral needle aspirations were performed and 
no further collapse of either lung occurred. 
Recovery from otherwise minor injuries was 
uneventful. 
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EMERGENCY TREATMENT 


It is our contention that once a person has 
been injured it is the responsibility of medically 
trained personnel to apply effective antishock 
therapy at the scene of the accident before 
transportation is accomplished. Speed of trans- 
portation to the hospital in an ambulance is 
of less importance than the prevention of shock. 
The use of plasma expanders at the scene of the 
accident and simple splinting of injuries with 
careful non-traumatic handling of patients will 
do much to prevent the onset of shock which 
can lead to fatality. This procedure has been 
proved on battlefields where the victims are 
treated at aid stations before being transported 
to rear areas. The use of plasma and plasma 
expanders to prevent shock is probably the 
single most important factor. The use of heli- 
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i Use of Free Mesothelial Grafts for Control 
| of Liver Hemorrhage 


EXPERIMENTAL STUDY 


: From the Surgical Department, Stanford University 
ad Medical School, San Francisco, California. 


and elective surgery of the liver 
a has long presented a challenge due to the 
aa problem of hemorrhage control and complica- 
mi tions resulting from accumulation of bile in 

nt the peritoneal cavity. A number of methods for 


hemostasis of the liver have been suggested; 
some of which have been used successfully 
both in the experimental animal and in the 


hy human being. Other methods are more or less 
a complicated and cannot be employed in prac- 
at | tice without special preparation. The following 


ile is an enumeration of most methods of hemo- 
stasis of the liver which have been tried, many 
of academic interest only [1]: 


1. Thermic 

A. Paquelin cautery 
B. Hot water and steam 
C. Hot air 
Ee D. Coagulation obtained by use of 

| soldering iron 

1. Tourniquets and clamps 

A. Silk 
B. Rubber 
C. Gauze 

D. Clamps 
1. Suture technics 

A. Suture alone 

B. Suture with prostheses 

1. Chicken bone 

Whale bone 
Scapula of calf 
Magnesium 
Celluloid 
Needles 
Cartilage 
Preserved flaps of intestine and 
bladder wall 


ed , American Journal of Surgery, Volume 93, April, 1957 
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9g. Muscle from the pigeon or 
rabbit 
C. Suture after making troughs (edge- 
to-edge or “fish mouth” method) 
iv. Topical agents | 
A. Tamponades 
1. Gauze 
a. Plain 
b. lodoform 
2. Sterilized marine sponge 
B. Rubber bag 
C. Coagulum technics 
1. Sano 
. Adrenalin® 
Antipyrine 
Oil of turpentine 
Perchloride of iron 
Calcium chloride 
7. Thrombin, gelatin and fibrin 
D. Absorbable hemostatic agents 
1. Oxycel® 
2. Gelfoam® 
E. Grafts (autogenous) 
1. Fascia lata 
2. Omentum 
3. Muscle 
a. Seromuscular flaps 
b. Aponeurotic muscular flaps 
c. Seromuscular aponeurotic 
flaps 
Skin 
Diaphragm 
Free mesothelial, 
(author’s method) 
7. Transplants of intestinal seg- 
ment 
v. Controlled hemostasis 
A. Right hepatolobectomy 
B. Left hepatolobectomy 
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Free Mesothelial Grafts for Liver Hemorrhage 


Having been impressed with the experimental 
work of Masters et al. [2] in the use of the split- 
thickness skin graft for control of liver hemor- 
rhage, it occurred to us that free peritoneal 
grafts might be equally as effective in con- 
trolling liver hemorrhage. Since it has certain 
advantages over skin, it was decided to use 
peritoneum in a group of experimental studies 
[6]. This is a report of those studies. 


EXPERIMENTAL TECHNIC 


Six mongrel dogs weighing between 9.3 kg. 
and 14.4 kg. were used. The first, fourth, fifth 
and sixth dogs were anesthetized with pento- 
barbital sodium in doses of slightly less than 
30 mg. per kg. administered intravenously 
after the dogs were premedicated with 30 mg. 
of morphine sulfate. The second and third 
dogs were anesthetized with endotracheal 
ether after a premedication dose of 30 mg. of 
morphine sulfate. The first and second dogs 
received 5 per cent glucose in water intra- 
venously during the procedure. The remaining 
dogs received no intravenous fluids. In all 
animals, the abdomen was opened through an 
upper midline incision. After opening the 
abdomen, the peritoneal graft was removed 
from the right anterior, parietal peritoneal 
surface just below the costal margin. On one 
occasion, the graft was taken from the right 
diaphragm. A graft measuring 5 by 8 cm. was 
removed without difficulty. The middle lobe 
of the liver was then held into the wound and 
approximately one-third of the presenting 
lobule of the middle lobe was resected. In each 
instance, at least three separate bleeding points 
were noted as well as an active generalized 
ooze from the liver parenchyma. The free peri- 
toneal graft was then sutured, raw surface 
down, to the liver capsule at the margins of the 
resected lobe with a running lock stitch using 
atraumatic braided silk. No transfusions were 
used for control of liver bleeding or for the 
support of blood pressure, and no hematomas 
were evacuated from beneath the graft. 
(Fig. 1.) All blood was then removed from the 
abdominal cavity and the donor site checked 
for bleeding. There was an almost immediate 
cessation of bleeding from the liver following 
fixation of the graft. Aqueous penicillin, 
100,000 units, was injected into the abdomen 
which was then closed in layers with con- 
tinuous silk sutures without drainage. Post- 


633 


operative rations of meal and meat were 
provided. All dogs except No. 4 were treated 
in this manner. In this animal (No. 4) no peri- 
toneal graft was taken, but instead a free 
omental graft was used. The liver was observed 
to bleed freely through the numerous small 


Fic. 1. Free mesothelial graft sutured over the raw sur- 
face of the liver with a continuous lock suture of silk. 


holes in the omental graft. It was only with 
some difficulty that bleeding was controlled 
by doubling the graft on itself and placing 
several mattress-type hemostatic sutures. 


RESULTS 


All experimental animals survived this 
procedure except dog No. 1. This animal ap- 
peared to be doing well at the completion of 
the operation, but died four hours later without 
recovering from the anesthetic. Autopsy showed 
no cause of death and there was no evidence of 
bleeding from the liver. Microsections showed 
only normal hepatic tissue. This dog had been 
received in the kennels four days previously 
and was used only because of a shortage of 
available animals. Death was probably due to 
the poor condition of the animal which made it 
unable to withstand the anesthetic and any 
major surgical procedure. 

Dog No. 2 was re-explored three weeks after 
the original operation to determine the state 
of the grafted area. This area was well healed 
without adhesions and contracted to approxi- 
mately three-fourths its previous size. A biopsy 
specimen was taken from the grafted surface 
of the liver. Bleeding was controlled with some 
difficulty by use of the cautery and gelfoam. 
Dog No. 3 was sacrificed two months after the 
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Fic. 2. Photomicrograph showing peritoneum probably 
intact with fragmentation and foreign body reaction 
about a silk suture. 


original operation and the grafted area and 
donor site inspected. The grafted area was well 
healed and contracted to about two-thirds to 
three-fourths its original size. The donor site 
was somewhat nodular but appeared well 
reperitonized, and only a few thin adhesions 
were present. Microscopic sections were made 
of the tissue taken through the donor area 
which appeared to be covered with tissue 
similar to peritoneum. The source of the new 
tissue was undoubtedly from proliferation of 
peritoneal cells from the adjacent intact peri- 
toneum or from a reaction in the subperitoneal 
tissue. Microscopic examination of the liver 
specimen from this dog revealed that the peri- 
toneal graft probably survived with only a 
minimal inflammatory reaction beneath the 
graft. 

Three months after the original operation on 
dog No. 2 and two months after the operation 
on dog No. 4, laparotomy and partial resection 
of the liver were performed on the remaining 
lobule of the middle lobe in both animals. No 
attempt was made to control bleeding by 
peritoneal graft or other means, and the 
abdominal wound was closed with through 
and through black silk retention sutures. 
Exsanguination and death rapidly occurred. 
The remaining dogs were similarly sacrificed 
at intervals of three to four months following 
their original operation. After death from 
exsanguination, autopsies were performed on 
the animals. Gross examination revealed that 
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the grafts were all contracted but appeared 
intact. Microscopically, there was evidence 
of a minimal inflammatory reaction beneath 
the grafts. In those areas adjacent to the suture 
material, a foreign body reaction was apparent. 


(Fig. 2.) 


COMMENTS 


Active liver hemorrhage occurring from the 
resected surface of the liver in the experimental 
animal can be controlled by use of the free 
mesothelial graft. The mechanism by which 
hemostasis occurs using such a graft is not 
known. It may serve only as a supporting 
mechanism for the clots which form in the 
normal course of blood coagulation and 
spontaneous hemostasis. That the graft serves 
as a potentiating factor in clot formation can 
only be surmised. We have noted in treating 
injuries to the liver that often a loosely applied 
gauze strip will be sufficient to bring about 
cessation of bleeding from the liver [3]. It is 
probable that here too, the agent serves 
merely as a support for the clot in a mechanical 
way. Not only do free mesothelial grafts per- 
form a hemostatic function, but when used for 
covering raw surfaces of the liver, more op- 
timum conditions for permanent healing are 
provided. The tissue fluids and exudate are 
held in proximity to the raw surface of the 
liver thus enhancing the speed and ease with 
which fibrin may be deposited. The use of the 
peritoneal graft is somewhat akin to the 
reperitonizing of the gallbladder bed following 
cholecystectomy in which the closure controls 
bleeding and blocks the leakage of bile from the 
many small ducts which may have been severed. 
As previously stated, we consider that peri- 
toneum has certain advantages over skin as an 
agent for hemostasis of the liver. The first of 
these is that it is more physiologic or perhaps 
more anatomic, for the liver is normally in- 
vested in a layer of peritoneum; and it is an 
attractive possibility to be able to stop bleeding 
by the application of additional amounts of 
peritoneum rather than by use of some foreign 
material. Of the donor sites used, the parietal 
peritoneal wall was the most satisfactory. 
Carver [4], in using free mesothelial grafts 
in the treatment of intraperitoneal adhesions, 
both experimentally and clinically, noted that 
grafts from the omentum, falciform ligament, 
mesentery of the small bowel and parietal 
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Free Mesothelial Grafts for Liver Hemorrhage 


peritoneum all took equally well when used 
on the intestinal wall in the control of adhesions. 

There is no way of determining with cer- 
tainty that the grafts survived as living peri- 
toneum, for the fibroblastic reaction attendant 
upon such a procedure makes this determina- 
tion impossible. In our experiments, the 
denuded parietal peritoneal surfaces healed 
by the reformation of a covering similar to, if 
not actually, peritoneum. This occurred in all 
cases and would seem to be the normal oc- 
currence unless infection or other factors inter- 
fere. The loss of the parietal peritoneum was 
not attended with sufficient complications to 
preclude its use for the control of liver hemor- 
rhage. This, however, is in contrast to visceral 
peritoneal damage or loss, which in clinical 
experience is frequently followed by the de- 
velopment of dangerous adhesions. 


CONCLUSION 


In the dog, the parietal peritoneal graft was 
effective in controlling bleeding from the re- 
sected surface of the liver. 


REFERENCES 


1. Mappine, G. F. and Peniston, W. Liver hemostasis 
(collective review). Surg., Gynec. ér Obst. (In press.) 

2. Masters, F. et al. Control of liver hemorrhage by 
split thickness skin grafting. Experimental studies. 
Arch. Surg., 69: 718-725, 1954. 

3. Mappine, G. F. Injuries of the liver. Arch. Surg., 70: 
748-756, 1955. 

4. Carver, G. M. An experimental and clinical study 
of free mesothelial grafts in the treatment of intra- 
peritoneal adhesions. Surg., Gynec. e* Obst., 
Pp. 163-170, 1955. 

5. Rossins, G. F., Brunscuwic, A. and Forre, F. 
Deperitonealization clinical and experimental 
observations. Ann. Surg., 130: 466-479, 1949. 

6. Mappinc, G. F. Discussion of article by Pettet, 
J. R. et al. Tr. West. S. A., p. 193, 1955. 


635 


“fi 4 
; 
‘ 
4 
i 
4 
i 
«is 
! 


The Problem of Ileus Following Trauma 


Cart Y. WERELIUS, M.D. AND CHESTER C. Guy, M.D., Chicago, [I|linois 


tesa clinical picture of paralytic or adynamic 


ileus occurs frequently after a variety of 


injuries, many of which are injuries to the 


extremities only. It occurs in the complete 


Fic. 1. The nerve supply of the gastrointestinal tract. 
(From the Ciba Collection of Medical Illustrations by 
Frank H. Netter, m.p. Copyright, Ciba Pharmaceuti- 
cal Products, Inc.) 


absence of any apparent injury or insult to the 
spine, the abdomen or its contents. Because 
of its frequency and the diagnostic difficulties 
which it may present, it is remarkable that so 
little has been written about it. One can con- 
clude that the paucity of literature on this sub- 
ject is due to our almost complete i ignorance 
regarding its etiology. 


American Journal of Surgery, Volume 93, April, 1957 


In 1951 Kinder {1] reviewed the subject of 
paralytic ileus quite thoroughly. The small 
intestine is innervated by the sympathetic 
system through the splanchnic nerves which 
inhibit peristalsis, and by the parasympathetics 
or vagus nerves which stimulate it. (Fig. 1.) 
When both chains are cut, bowel contractions 
continue to occur but these are not true peri- 
stalsis. Wangensteen [2] prefers the term “‘in- 
hibition ileus,”’ as there is no true paralysis of 
the bowel. Paralytic ileus apparently results 
from some abnormal stimulus of the nerves 
which supply the gastrointestinal tract, but 
why this should occur in some persons with 
injury to an extremity has not been explained. 

The symptoms of paralytic ileus are pain- 
less abdominal distention, usually appearing 
twenty-four to forty-eight hours after injury. 
Peristaltic sounds are subdued or absent and 
the distention is progressive [2,3]. If the bowel 
“seeps,” [1] tenderness may develop. The 
respirations become thoracic in type and the 
pulse starts to climb but the temperature re- 
mains at or near normal; there is little if any 
abdominal pain. Stretching of the mesentery 
may cause pain in the back [1]. The blood pres- 
sure may fall, vomiting occurs and the urinary 
output diminishes. The early distention is 
caused by gas, later by gas and fluid. Rapid 
distention may occur as in acute dilatation of 
the stomach, which may indeed accompany 
the ileus. The small bowel alone may be in- 
volved or the colon. Rarely only part of the 
small bowel is involved [4]. 

The diagnosis depends on the ability to rule 
out organic obstruction. In ileus the early 
x-ray film shows dilatation of both the small 
and large bowel. After enemas only the small 
bowel pattern may be seen. In organic ob- 
struction of the small bowel the colon may be 
empty from the first, and the amount of fluid 
obtained by gastric suction may greatly exceed 
that swallowed. In organic obstruction, lo- 
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Ileus Following Trauma 


Fic. 2. Flat plate of abdomen on the first day of ileus. 
The sigmoid colon appears displaced to the right. 


calized tenderness with rising temperature and 
leukocyte count are more apt to occur, but 
there are many exceptions to these rules [3]. 
Fluid levels in the small bowel as seen in an 
upright film indicate organic obstruction. 
X-ray studies should include flat and upright 
films of the abdomen and a posteroanterior 
chest view [5]. 

The mortality from paralytic ileus may ex- 
ceed that from organic obstruction [3], as the 
latter is more apt to be relieved surgically and 
laparotomy for ileus only aggravates the condi- 
tion. Gaseous and fluid distention of the bowel 
increases venous pressures, decreases arterial 
flow, increases capillary permeability and 
causes peritoneal effusions with loss of plasma, 
all of which contribute to the picture of 
“shock.” 

The treatment generally adopted includes 
early, gentle handling of injured parts, reduc- 
tion or immobilization of the fracture, gastric 
suction, administration of intravenous fluids 
with electrolytes, blood transfusions, potassium 
if the urinary output is satisfactory, heat to 
the abdomen, sedation for pain, and oxygen. 
On the basis that the ileus is due to overactiv- 
ity of the sympathetic chain, treatment may 
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Fic. 3. Flat plate of the abdomen on the fifth day of 
ileus, indicating obstruction of the small bowel. 


include spinal anesthesia or paravertebral 
blocks. Ganglionic blocking drugs include 
etamon® and priscoline® Other intestinal 
stimulants include prostigmin,® pituitary ex- 
tracts and urecholine® 

A treatment which deserves more considera- 
tion, and which is extremely simple was sug- 
gested by observations made at operation in 
one case. 


CASE REPORT 


J. D. C., a fifty-one year old, tall, somewhat 
obese, white man, was admitted to the Illinois 
Central Hospital on October 29, 1954, with a his- 
tory of a fall down steps at home seven hours earlier. 
He complained only of pain in the right hip, and 
x-ray showed a somewhat displaced fracture of 
the neck of the right femur. His past history was of 
no significance. There were no laparotomy scars 
and no symptoms or evidence of abdominal injury. 
His bowel function had always been normal. In 
the course of a routine examination three weeks 
previously a complete gastrointestinal x-ray study, 
with barium enema, had been made and had 
revealed no abnormalities. 

Traction was applied to the right leg. On the next 
day silent, painless abdominal distention with 
nausea and vomiting had developed, and a flat 
plate of the abdomen revealed gaseous distention 
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of the large and small bowel. (Fig. 2.) It was noted 
that the sigmoid colon appeared displaced to the 
right, but the significance of this was not appre- 
ciated until operation. A diagnosis was made of 
paralytic-ileus, and intravenous fluids, gastric suc- 
tion, enemas and prostigmin were given. By 


Ascending colon 
-- with mesentery 


Descending colon 
with unfused 
mesentery 


Paralytic ileus 


Fic. 4. Unfused mesentery of the left colon permits 
greater mobility. 


October 31st there was less distention and bowel 
sounds were active. On November ist distention 
was increased and peristaltic sounds were subdued. 
There was pain and epigastric tenderness, and the 
patient was hiccoughing. On November 2nd the 
abdominal findings were the same and x-ray 
showed distention of the small bowel with some 
gas in the right colon only. On November 3rd there 
was less distention and the patient passed consider- 
able gas and had a small bowel movement. On 
November 4th the distention and pain had re- 
curred; a large amount of brown, foul-smelling 
fluid was evacuated from the stomach, and x-ray 
showed the picture of obstruction of the small 
bowel. (Fig. 3.) 

Exploratory laparotomy was performed on 
November 4th, five days after the onset of ab- 
dominal symptoms and six and a half days after 
he had fractured his hip. General anesthesia was 
used, as the patient refused spinal anesthesia. 
Thorough examination revealed no evidence of 
organic obstruction of the large or small bowel, or 
other significant abnormalities except in the small 
intestine. The upper half of the small bowel was 
markedly dilated, somewhat edematous, dusky in 


hue and filled the left gutter as the sigmoid colon 


was displaced to the right. The distal half of the 
small bowel was moderately dilated but of a 
healthier color. It was first believed that we were 
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dealing with some type of a volvulus of the bowel 
but this could not be demonstrated. Mesenteric 
thrombosis was considered, but on elevation of the 
jejunum from the gutter there was an immediate 
dramatic improvement in the color of the bowel, 
changing from a dusky grey-blue to a pinker shade. 


Dilated jejunum 
in left paracolic 
gutter 


Fic. 5. With the patient in a supine position, the mesen- 
tery of the small bowel may be stretched over the colon. 


The abdomen was closed without opening the 
bowel. The patient was turned from side to side 
and almost prone frequently during the first two 
postoperative days and steadily improved. He 
made an uneventful recovery, after which the hip 


pinned. 


When one considers the pathologic disease 
which may develop in a paralyzed, distended 
small bowel, it is apparent that this is aggra- 
vated by the bowel descending into the lateral 
abdominal gutters. This is particularly true 
when lack of fusion posteriorly of the left 
mesocolon permits mobility of the descending 
colon. (Fig. 4.) The amount of this stretching 
and the degree of vascular embarrassment is 
influenced by the physique of the individual, 
the position of the colon, the amount and 
location of intra-abdominal fat, and of course, 
the degree of sclerosis of the superior mesen- 
teric arteries. At operation in the case described 
herein, lifting of the jejunum from the pull of 
gravity immediately altered the color of the 
bowel, and placing the patient in the prone 
position postoperatively was thought to be an 
important factor in his prompt recovery. 


(Fig. 5.) 
CONCLUSIONS 


The value to the intestinal tract of turning 
patients from side to side and of early ambula- 
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Ileus Following Trauma 


tion is well recognized. The authors would like 
to suggest that in cases of persistent paralytic 
ileus the patient be turned prone with the 
abdomen down. From our experience it has 
been helpful in an earlier return of normal 
intestinal activity. To the best of our knowl- 
edge, this simple addition to the treatment of 
paralytic ileus has not previously been sug- 
gested in the published literature on the 
subject. 
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DISCUSSION OF PAPERS BY DRS. MATHEWSON, 
SCHAUPP, DIMOND AND FRENCH; MARSH AND 
MOORE; MADDING AND PENISTON; AND 
WERELIUS AND GUY 


Cuarces G. Jounston (Detroit, Mich.): The 
paper by Dr. Schaupp and co-workers is a very 
good one. I am sure there are a great number of 
ruptures of the esophagus that are never recorded 
because, as Dr. Schaupp indicated, these primarily 
are accidents which occur in the course of some 
procedure. The same thing, of course, occurs not 
only in the esophagus but also in instrumentation 
in the rectum. 

I quite agree with the suggestion that has been 
made, i.e., that the best results have been obtained 
from immediate operation upon these patients in 
an attempt to close the rupture; if not, at least to 
establish drainage. In the chest, the establishment 
of drainage gives a great deal of morbidity. One 
carries these patients along for an extended period, 
until they either get well or too frequently die on 
so-called conservative management. 

It has been rather unusual that when an esopha- 
gus is perforated on esophageal examination it is 
not known promptly. Under those circumstances, 
surely anywhere below the thoracic inlet, explora- 
tion should be done and the perforation closed. 

In the neck one has few more signs to follow. 
If the perforation is very small, it will close; but 
even there one should be careful and operate 
promptly rather than wait until the patient has a 
great deal of spillage from the esophagus. This is 
urged because as a rule there is not too much 


protection from an opening in the esophagus, 
whether it is in the neck or the mediastinal portion, 
or in the chest proper. We therefore prefer early 
operation in most of our cases and, I want to 
assure you, we do perform early surgery when 
perforation has occurred. 

We attempt to operate as soon as we discover a 
perforation, especially in the chest. Several of our 
patients have had carcinoma of the esophagus; and 
when we wanted to take a biopsy specimen, either 
the biopsy forceps or the esophagoscope went 
through. In these instances, of course, one has to 
perform resection because there is no use trying to 
close a perforation in the esophagus and leaving 
the carcinoma behind. This may force the surgeon 
to operate on carcinoma of the esophagus early 
rather than postponing the procedure. 

Regarding the paper by Drs. Werelius and Guy, 
it is a little difficult for me to understand the loop- 
ing of the bowel in one side or the other as an 
initiating factor in intestinal obstruction. What 
happens, I am sure, is that with the decrease in 
motility of the intestine this organ distends, and a 
distended intestine cannot empty. A distended 
intestine cannot push its content forward, and it is 
just as if one had mechanical obstruction when 
that occurs. In such cases operation is not indi- 
cated; decompression is better treatment. 

In addition, when fluid and gas forms within a 
large loop, the intestine will loop over. The loops 
of intestine will fold over and occlude regardless 
of what position they are in, whether anterior or 
posterior. I am sure these are sequelae and not an 
initiating factor in the problem of so-called paraly- 
tic ileus. 

Cuarces Hucu Macuire* (Louisville, Ky.): I 
was interested in two papers particularly in this 
group, first the problem of ileus following trauma, 
particularly in children. I enjoy pediatric surgery, 
and within the last seven or eight years I have had 
two cases of what we thought was paralytic ileus 
secondary to trauma. 

Both children had had rather extreme trauma to 
the abdominal wall, and within approximately 
twelve hours signs of obstruction developed. The 
bowel sounds gradually became less and less and 
we believed we were dealing with mechanical 
obstruction. Both youngsters were explored, and 
in both children multiple areas of intussusception 
were encountered. The intussuscepted areas were 
reduced and both children went on to early normal 
convalescence. 

I wondered if anybody else had seen that 
particular type of condition, particularly in 
children. One child had caught both wheels of a 
light convertible car over his abdomen. 

Regarding the paper on hemorrhage of the liver 
by Drs. Madding and Peniston, we have seen a 
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number of actually exploded livers, and in two 
cases we had to reoperate several times for control 
of hemorrhage. Each time we found tremendous 
areas of necrotic liver which had to be scooped out 
manually. I have asked the following question of 
this group before and have never gotten an answer: 
How do you know how much liver to remove in 
these exploded livers that will subsequently pro- 
duce secondary hemorrhage? 

Ratpu C. Moore (closing): There is just one 
point I would like to make: I think the medical 
profession is obligated to get out on the highways 
very much as we did in the aid stations during the 
war and supervise or instruct the aid men to start 
their antishock therapy right at the scene of the 
accident. Also, I believe it behooves us to get into 
public education. When we are asked to talk and 
give first aid instruction, we should help these 
people as much as possible. 

Gorpon F. Mappinc (closing): In regard to the 
question on the amount of liver to be removed in 
explosive cases, this is difficult to answer cate- 
gorically, for each patient must be individualized. 
In a paper which I presented before the Western 
Surgical Association (Arch. Surg., May, 1955) I 
pointed out that all detached pieces of liver as well 
as those that were loosely attached should be 


removed, for in the latter case necrosis usually 
resulted which led to serious complications. 

With the Chairman’s permission, a series of slides 
were then shown and discussed, dealing with the 
methods of liver hemostasis. These ranged from 
those which dated back to the nineteenth century 
up to those which are available for use today. 
These were taken from a review by the authors 
which will appear in the journal Surgery, Gyne- 
cology and Obstetrics. 

Cart Y. WereEtius (closing): We presented a 
patient who, in spite of intensive conservative 
management, showed no improvement or correction 
of his ileus. We certainly did not wish to infer that 
this pooling of the small bowel to the left gutter 
was the initiating factor in the patient’s intestinal 
obstruction. We believed it was more or less the 
aftermath of total ileus of the gastrointestinal 
tract. We are sure the vascular embarrassment 
acted as a permanent obstruction. 

The patient had a rapid recovery in spite of the 
fact that he was exposed to a laparotomy, which 
would ordinarily make the ileus worse, elevation of 
the bowel and no other operation on the intestinal 
tract. I feel certain that if this patient had been 
turned, an unnecessary laparotomy could have 
been avoided. 
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Radiation Injuries, with Notes on Hiroshima 


and Nagasaki 


Cot. JosEpH R. SHAEFFER, M.c., Washington, D. C. 


— purpose of this paper is to suggest a 
continuing interest in the effects of whole 


body radiation and particularly how such, 


exposure would influence wound healing. With 
the advent of atomic weapons of war, a new 
type of casualty occurred. The detonation of 
these bombs over Hiroshima and Nagasaki 
caused many injuries not only from the effects 
of the blast and from the intense heat gen- 
erated at the time of the explosion but also 
from the release of radioactive materials [7]. 
Wounds, fractures and burns were familiar 
to the physicians in attendance although not 
in the tremendous numbers seen at that time. 
None, however, were prepared to treat the 
vast number of casualties who had been ex- 
posed to ionizing radiation [2]. In fact, this 
lethal agent as a by-product of the bombing 
was not recognized for days [3]. 

This type of i injury is comparatively new 
to all of us for it is seen infrequently and then 
usually associated with errors in_ technic 
occurring during the employment of radiation- 
producing machines or substances emitting 
electromagnetic waves during diagnostic or 
therapeutic procedures. Rarely, reports are 
made of illness caused by the inhalation or 
ingestion of radioactive materials, some leading 
to death [4]. 

There are three types of injuries resulting 
from detonation of atomic or thermonuclear 
weapons. The first is the mechanical wound and 
injury caused by the tremendous energy of the 
blast. These injuries are not so much primary 
blast effects but are secondary to the activation 
of vast quantities of debris within the area 
which act as flying missiles of low velocity. 
These missiles of stone, wood, glass or earth 
produce many soft tissue wounds and frac- 
tures. Falling objects including masonry, 
brick and timber result in many crush-type 


injuries. A tertiary effect of blast is the in- 
juries produced by displacement of human 
bodies which are tossed about and strike more 
stable objects. 

The second effect of the explosion is the 
sudden creation of tremendous thermal energy 
which, although of brief duration, is of extreme 
intensity, being in the range of 1 million de- 
grees Centigrade. Detonation of these weapons 
and particularly the thermonuclear devices is 
accompanied by a flash of light exceeding the 
brilliance of the sun and a heat wave known as 
the “fireball.” For those within range, thermal 
burns of exposed surfaces in line of sight are of 
searing quality in close range, diminishing to 
first and second degree character with distance. 
Contact burns are frequently caused by the 
ignition of clothing, or from entrapment in 
burning structures set afire by the released 
thermal radiation, or result secondarily from 
upset heating devices, and broken gas and 
electrically charged power lines. 

The third type of energy release by the 
explosion is that of ionizing radiation. This 
arises from the liberation of quantities of 
radioactive nuclei when fission occurs, and 
exists in the form of alpha and beta particles, 
electromagnetic gamma rays and ionization- 
producing neutrons. Injury by the alpha par- 
ticles is usually from ingestion. Because the 
action of beta particles is short-ranged and 
measured in millimeters, their deleterious 
effects are primarily on the skin and mucous 
membrane surfaces and are evidenced by super- 
ficial burns for those contaminated. Contrarily 
gamma rays, like x-rays and neutrons, travel 
much greater distances, penetrate deeply and 
are much more injurious and lethal [5]. 

The injurious effects of these by-products on 
human tissue are characteristically physical, 
chemical and biologic. The physical effects are 
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seen as distortion of the cell membrane, proto- 
plasm, nuclei, stromal substances and vascular 
elements. The chemical disturbances are many, 
ranging from inactivation to production of 
noxious compounds with systemic poisoning. 
The biologic effects result from alterations 
within the chromosomes and disturbance of cell 
division, again ranging from inactivation, which 
may be temporary or permanent, to permanent 
disturbance of this process with resultant new 
forms of cellular structure. 

From the data collected following the bomb- 
ings of Hiroshima and Nagasaki, a great deal is 
now known about the comparative frequencies 
of these three types of injuries, their relative 
lethality and incapacitating qualities [6]. Very 
little new information was learned about 
mechanical injuries. There were vast numbers 
of such casualties, these wounds varying in 
degrees of severity and many having experi- 
enced multiple injuries including all regions of 
the body. Flying slivers of glass and splinters 
of wood perhaps stand out as having been 
unusually common. Many casualties who 
suffered lacerations and penetrating wounds 
were well cut up by these missiles. Fractures 
were not infrequent and those of the legs be- 
came a double misfortune for some who could 
not escape from burning structures. Thermal 
burns predominated. Many casualties experi- 
enced flash burns and missile injuries which 
aggravated their morbidity considerably. Most 
of the burns were of second degree and, there- 
fore, painful. To escape their discomfort many 
applied any expedient material, including 
sweet potato mash, with the result that sec- 
ondary infection of their wounds was prevalent 
and ugly keloids developed. 

The effects of ionizing radiation were in- 
sidious and for many serious. Those near 
ground zero received heavy doses (in the 
thousands as measured in roentgens) which 
were rapidly fatal. Many others received a 
sufficient quantity to produce an incapacitating 
illness, the pattern of which varied somewhat 
but was rather typical [5]. The onset after a 
few hours was inaugurated by anorexia, 
nausea and vomiting. Marked lassitude was 
frequent and for many, symptoms were fea- 
tured by intractable diarrhea. For most, a 
period of remission occurred only to be followed 
by a sudden return of the same symptoms which 
became progressively worse with epilation being 
common. The diarrhea and vomiting became 
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bloody, and anemia with high fever appeared, 
as did petechiae and ulcerations of the skin and 
mucous membranes. The terminal picture was 
one of delirtum, coma and death. A consider- 
able number survived, however, but remained 
weak and incapacitated for long periods 
extending into months. A common feature in all 
was the development of pancytopenia in which 
the leukocyte count dropped to 1,000 per cu. 
mm. or less and the erythrocyte count fell to 
1,000,000 per cu. mm. or less [6]. 

The therapeutic application of large doses of 
radiation to restricted areas, even at daily 
intervals, without significant injury to health 
is well known. However, total body radiation 
with even smaller dosages may cause serious 
illness or be fatal. Tissues vary in their sensi- 
tivity to these modalities as do species and 
even members of the same species. Thus, 
lymphatic tissue, bone marrow and _ the 
reticuloendothelium system are highly sensi- 
tive as compared with skin or bone: guinea 
pigs are more sensitive than rabbits; and of 
three humans receiving the same total body 
dose, one may be unaffected, the second tem- 
porarily incapacitated and the third succumb 


Necrotic ulceration of the mucous membrane 
lining of the gastrointestinal tract no doubt 
explains the bloody emesis and diarrhea which 
aggravated the primary anemia caused by sup- 
pression of the hematopoietic system. These 
ulcerations also offered avenues of admission 
for many microorganisms into the systemic 
circulation causing bacteremia and infection of 
the liver, lungs and brain. 

The suppression of white blood cells, blood 
platelets and the defense mechanisms of the 
body in general markedly interfered with 
wound healing and recovery. It was difficult 
in some instances to determine whether the 
primary cause of death was excessive whole 
body radiation, severe burns or shock from 
serious mechanical type wounds. No doubt a 
combination of these injuries accounted for 
many deaths in the early hours when care was 
poor. 

From a practical point of view the deleterious 
effect of whole body radiation on wound healing 
may be considered to be due to: (1) local tissue 
destruction and alteration of cell and stromal 
substances; (2) persistent severe anemia with 
marked disturbance of metabolic and phago- 
cytic processes; and (3) inactivation or sup- 
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pression of the biochemical and other defense 
mechanisms against invasive infection locally 
or generalized bacteremia. 

Intensive studies are being made by several 
agencies supported by the Atomic Energy 
Commission, subdivisions of the National 
Research Council and the Armed Forces to 
determine more accurately the nature of these 
injuries and effective measures for their pre- 
vention and treatment. The only effective 
preventive measures to date are those of 
evasion by seeking adequate cover-protection 
during the danger period. The duration of this 
period can be accurately determined by suitable 
instruments. However, the sum total of assimi- 
lated repeated small doses is difficult to esti- 
mate although likewise deleterious. Current 
methods of treatment remain empiric and 
include the usual supportive measures of fluid- 
electrolytes to overcome dehydration, whole 
blood transfusion to combat anemia, anti- 
biotics to control infection, high caloric diet 
to maintain nutrition and rest. Overexertion 
has been shown to be aggravating if the 
absorbed dose is symptom-provoking. In the 
event of an atomic disaster this latter may well 
pose a diagnostic problem for the inaugurating 
symptoms of radiation illness are not unlike 
those of many other afflictions including 
hysteria and malingering. 

Today all are interested in the biologic 
aspects of whole body radiation and the ques- 
tions of racial stigmas from possible genetic 
changes [7,8]. This delicate point and the con- 
troversies it generates are for the more erudite 
to discuss. It would appear more logical and 
more realistic to attack the medical problems 
of a possible atomic war by concentrating on 
the compromises which must be made in the 
care of those with mechanical and thermal in- 
juries, of whom there will be an endless number 
but for whom we can do a great deal to assure 
maximum recovery [9]. To becloud the purpose 


of our mission “‘to save the greatest number” 
with projected fears for the fate of future 
generations, as important as this may seem, 
could lead us further into a confused state of 
frustration or hopelessness. We do know we 
can help most of the injured casualties by 
proved methods at a time which could be 
critical for all. Following an atomic strike there 
will be little time for wonder or worry. Al- 
though we seek better answers for problems 
of whole body radiation, all of us today must 
concentrate on planning, preparation and uni- 
versal training for the management of masses 
of mechanical and thermal injuries. Early 
restoration of these injured could spell the 
difference between national victory or defeat. 
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Current Concepts in the Pathophysiology 
of Shock 


Russet M. NELson, m.p., Salt Lake City, Utab 


. oe diagnosis and treatment of the average 
patient with manifestations of early shock 
is now rarely a problem to the well equipped 
physician. Frequently, however, the wounds 
inflicted, either accidentally or surgically, may 
be complex, inviting multiple etiologic factors 
to produce the syndrome that we recognize 
and label as “shock.” 

‘The classifications of shock most commonly 
used distinguish between “‘primary”’ or “‘sec- 
ondary,” and “reversible” or “irreversible” 
states. Unfortunately, these classifications are 
of little aid to the practitioner faced with the 
on the spot decisions as to why his patient, with 
such complex injuries, may be in shock. Serious 
consequences may result if the label of “‘irre- 
versibility” is tagged upon the patient instead 
of a vigorous search being made for additional 
and perhaps unrecognized etiologic factors. A 
more physiologic classification of the factors 
capable of producing the clinical picture of 
shock is presented in the hope that it may be 
useful to the clinician responsible for the care 
of patients with massive injuries or under- 
going complex surgical procedures. The subject 
of treatment will not be presented except by 
the inference that management may be success- 
ful only if the etiologic factors are first diag- 
nosed and then corrected. 

The state of shock as we see it in clinical 
practice, no matter what the initiating factor(s) 
may have been, is ultimately characterized by 
a persistent deficiency of blood flow to the 
tissues. Subsequent deterioration follows, as 
possible potentiating factors arise from the 
generalized effects of tissue hypoxia and 
specific organ dysfunction. This chain of events 
is represented in the following diagram: 


Initiating 
Factor (s) 


Prolonged tissue 


hypoxia 
Normal with 
Patient Persistent deficiency 


Patient in Shock 


ot blood flow 


Specific organ dysfunction 


Liver, Kidney, Heart, etc. 


American Journal of Surgery, Volume 93, April, 1957 


BLOOD FLOW 


The critical factor involved in this concept 
is that of blood flow to the tissues. It is only 
for this purpose that the heart and blood ves- 
sels exist. There are three basic requirements 
for the flow of a liquid through a closed system: 
(1) there must be a source of pressure; (2) there 
must be fluid which can flow; and (3) there 
must be open conduits through which the 
fluid may flow. These three essentials are ful- 
filled in human physiology by the heart, the 
blood and the vascular tree, respectively. 


FLOW REQUIRES: 


|. Source of pressure— Pump 
2.Fluid—Blood & ‘Fluid 
3. Conduits(closed system)-Vessels 


These three basic requirements for flow can 
be related to each other in the equation 


P 


which indicates that the flow of blood varies 
proportionately with the pressure and in- 
versely with the resistance imposed by the 
vascular tree (k represents a proportionality 
constant). 

Unfortunately, there is no convenient way 
that we can measure the blood flow to the tis- 
sues in the clinical situation. Even the measure- 
ment of total blood volume is not readily avail- 
able or entirely accurate in the state of shock 
when one needs it most; neither can we measure 
the capacity of the vascular tree. We are able 
to measure the arterial blood pressure which, 
when correlated with the heart rate, gives the 
clinician the main measurements by which the 
course of management may be guided. The 
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same equation expressed in terms of the meas- 
urement which is available, blood pressure, 


P=kFXR 


shows that the blood pressure can be elevated 
by increasing the peripheral resistance and/or 
the blood flow, but that it does not necessarily 
follow that increasing the blood pressure will 
increase the blood flow. Blood pressure deter- 
minations are valuable, but only when prop- 
erly interpreted. For example, in a state of 
syncope, even though the blood pressure may 
be low, there is little cause for concern because 
blood flow to the tissues is adequate. A normal 
pressure reading in the presence of a severe 
burn may be found even though the blood flow 
to vital organs may be reduced. The same may 
be true when vasopressor drugs are adminis- 
tered which serve to raise peripheral resistance 
and thereby raise the pressure and lower the 


blood flow. 


INITIATING FACTORS 


The common denominator in patients with 
“shock” is hypotension and while not neces- 
sarily synonymous with shock, it is one of the 
main indicators. Hypotension can result from 
abnormalities in any one or combination of the 
three requirements for satisfactory blood flow. 
Factors capable of initiating a state of hypo- 
tension may therefore be classified into (1) 
cardiopulmonary factors, (2) blood and fluid 
volume factors, and (3) peripheral vascular 
factors. 

Cardiopulmonary Factors. Any abnormaiity 
which will reduce either the diastolic filling or 
the force of ventricular systole of the heart 
can cause hypotension. Pulmonary embolism, 
pericardial tamponade, tension pneumothorax, 
myocardial infarction or weakness due to 
recent cardiotomy may all be cited as examples. 

Blood and Fluid Volume Factors. These of 
course are the best known and most common 
causes of hypotension. Included in this cate- 
gory would be the loss of fluid associated with 
hemorrhage, burns, severe vomiting or diar- 
rhea, and certain endocrinologic abnormalities 
such as an acute addisonian crisis. 

Peripberal Vascular Factors. Reduction of 


peripheral vascular resistance associated with 
vasodilatation can be produced by certain 
drugs, anesthetics, neurogenic stimuli and by 
certain infections, such as gram-negative bac- 
terial toxinemias. 
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POTENTIATING FACTORS 


While any one of these factors is capable of 
inducing a state of hypotension and subse- 
quent deficiency in blood flow to the tissues, 
it is evident that potentiating factors may 
develop as the effects of tissue hypoxia persist. 
Shorr and Zweifach [1] have demonstrated in 
experimental animals that following an initial 
output of a vasopressor (VEM) by the kidney, 
a vasodepressor material (VDM) identified as 
ferritin is released from the liver into the 
circulation in the terminal phases of shock as a 
result of specific hepatic dysfunction. Normally 
the liver is able to maintain ferritin in the inac- 
tive or disulfide form, but in the presence of 
severe hypoxia the potent sulfhydryl form ap- 
pears [2]. Hepatic insufficiency in the late 
phases of shock is also implicated by virtue of 
the accumulation of lactic, pyruvic and other 
organic acids [3], and of blood ammonia [4]. 

Evidence is accumulating that there may be 
an elaboration of materials from the gastro- 
intestinal tract which may become vitiating 
factors in the late phases of shock. Normally 
the intestines contain bacteria and toxins 
which do not enter the circulation, but which 
produce severe shock if introduced into the 
blood [4,6]. Bacterial tracer toxins, for exam- 
ple, when initially placed in the intestines of 
dogs, are found in higher concentrations in the 
peripheral blood of animals in shock than in 
controls [7,8]. Concentrations of ammonia in 
the portal vein are significantly higher in 
animals in shock than in normal animals [4]. 
The mortality rate from a standard hemor- 
rhagic shock procedure in dogs is significantly 
reduced by oral premedication with an anti- 
biotic to reduce the bacterial flora of the 
intestine [9]. 

Apparently the heart similarly suffers from 
the effects of prolonged tissue hypoxia. At least 
it is possible to prolong the survival time in 
hemorrhagic shock experiments by pumping 
blood out of the femoral artery and into the 
left coronary artery of a dog, thereby increas- 
ing coronary perfusion without changing the 


blood volume [ro]. 


PROTECTING FACTORS 


The role of the autonomic nervous system in 
shock has become the subject of more intensive 
research since the observation that the mortal- 
ity rate from standard shock experiments can 
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be reduced by pretreatment with small doses 
of dibenzyline, a sympathetic blocking agent 
[11,12]. Unfortunately, there is no protection 
afforded by giving such a drug after the state 
of shock has been produced. 

Protection may also apparently be afforded 
by previous exposure to sublethal forms of 
experimental shock [13,14]. 

The factors that possibly exert potentiating 
or protecting influences have been demon- 
strated in experimental animals. Application 
to the situations encountered in humans awaits 
further study. 


SUMMARY 


It is evident that occasionally in clinical prac- 
tice, more than one initiating factor may 
participate in producing the state of hypo- 
tension observed. It is then incumbent upon 
the clinician to assess the patient for additional 
etiologic factors, especially if the response to 
therapy is not as prompt as expected. A con- 
sideration of the classification of the initiating 
factors, (1) cardiopulmonary, (2) blood and 
fluid volume, and (3) peripheral vascular fac- 
tors, should be helpful in determiing why the 
patient is in shock. Then the most rational 
treatment may be instituted to re-establish an 
adequate blood flow to the tissues. 
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Infection 


A Major Unsolved Problem 


in Severe Trauma 


Lr. Cot. Curtis P. Artz, m.c., Jackson, Mississippi, AND Masor Paut E. TESCHAN, M.C., 
Fort Sam Houston, Texas 


From the Surgical Research Unit, Brooke Army Medical 
Center, Fort Sam Houston, Texas. 


EFORE World War u, the major problem in 
trauma was the management of shock. 
More severely injured patients survived the 
initial shock phase with improvements in 
replacement therapy by the use of whole blood, 
plasma, and plasma volume expanders. During 


the Korean conflict, only a few soldiers who 


reached a forward hospital died of shock pro- 
viding hemorrhage was controlled. The low 
mortality rate of 2.5 per cent for all patients 
reaching forward hospitals attested to the fact 
that shock was not an outstanding problem [1]. 

Modern concepts of replacement therapy 
have prevented shock following thermal in- 
jury—one of the most severe forms of trauma; 
and most burned patients now survive the 
early postburn period. The improvements in 
resuscitative therapy during the past few years 
have increased the survival time and lowered 
the mortality in the severely injured patient. 

Before the era of sulfanilamide, infection was 
one of the major problems in severe trauma. 
This complication. was minimized upon the 
advent of the antibiotics. However, during the 
past few years as replacement therapy has 
improved, more patients with severe injuries 
have survived the initial period after trauma 
and have been more prone to the attacks of 
invasive infection. 

During the past six years more than 1,000 
hospitalized burned patients have been treated 
at Brooke Army Medical Center, and eighty- 
two deaths have occurred. Most of these deaths 
were associated with severe infection [3]. During 
the past two years, twenty-four patients with 
acute tubular necrosis following various types 
of trauma have been treated, and 17 deaths 
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have occurred. Severe infection was prominent 
as a cause of death in twelve of these patients. 

It is the purpose of this paper to summarize 
these experiences and to call attention to in- 
fection as an outstanding problem in severe 
trauma. 


EXPERIENCES WITH SEPTICEMIA 
IN SEVERE BURNS 


Table 1 outlines the causes of death in 
eighty-two severely burned patients. Improper 
replacement therapy was judged to be the 
cause of death in ten and septicemia was asso- 
ciated with death in forty-six. Most of the 
patients were in the young-adult age group. 
The average age of the patients who died was 
twenty-seven. Those patients who died follow- 
ing improper replacement therapy had a shorter 
survival time (six days) than those who died 
with septicemia (twenty-six days). Likewise, 
the patients who died following inadequate 
resuscitative efforts had more extensive burns 
than the patients who survived longer and in 
whom septicemia developed. However, the pa- 
tients whose deaths were associated with 
septicemia had very extensive burns; the total 
per cent averaged 57, with a third-degree 
involvement of 38 per cent. 

Table 11 shows experiences with major burns 
during 1954 and 1955. There were 207 burned 
patients hospitalized during this period, sev- 
enty-eight of these had burns of more than 
30 per cent of the body surface. Thirty-seven 
of these patients died and forty-one survived. 
However, the extent of burn was significantly 
greater in those who died (total per cent aver- 
aged 57, with 35 per cent third-degree) than in 
those who survived (total per cent averaged 43, 
with 23 per cent third-degree). It appears from 
this experience that many burned patients with 
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TABLE I 
EIGHTY-TWO DEATHS FOLLOWING THERMAL INJURY (1950-1956) 
Per cent of Burn 
No. Average Postburn 
Cause of Death of Age Day 
Patients (yr.) Total | Third Degree (average) 
Improper replacement therapy..................... 10 25 60 45 


TABLE 1 
MAJOR BURNS—COVERING MORE THAN THIRTY PER CENT 
OF THE BODY SURFACE (1954-1955) 


Per cent of Burn 
No. of 
Category Patients* 
Total | Third Degree 
41 43 23 


* Total number of patients hospitalized during 
period: 207. 


major injury survived and, of those who died, 
the more severely burned patients died follow- 
ing inadequate or improper replacement ther- 
apy. In those who survived for a longer period 
a major infection developed and death was 
associated with septicemia. 


TABLE III 
FORTY-SIX DEATHS ASSOCIATED WITH SEPTICEMIA FOLLOWING THERMAL INJURY (1950-1956) 


During the total experience of six years, 
septicemia developed in fifty-five patients; 
of this number forty-six died and nine survived. 
The pertinent data concerning the patients 
who had septicemia is shown in Tables 11 
and tv. The average day of onset of septicemia 
in the patients who died was thirteen and the 
average day of onset in the survivors was nine. 
The status of the wound at the time of onset in- 
both groups was about the same, either the 
eschar was intact or sloughing. Septicemia 
developed in few patients once the wound had 
reached the granulating stage. 

In a few very extensively burned patients in 
whom the eschar was excised, septicemia de- 
veloped soon after eschar excision. However, 
these patients had extensive burns and com- 
plete homograft cover was not achieved after 
excision. In almost all instances, Micrococcus 
pyogenes was resistant to penicillin, strepto- 
mycin and the tetracyclines. In some instances 
it was sensitive to chloramphenicol; in most 


_| Per cent of Burn Etiology Findings 
2 verage Day of Survival 
Age Time 
(yr.) Total | Phird (days) Causative No. of | Status of Wound} No. of 
‘pi Degree 6 Organism Patients at Onset Patients 
se 28 57 38 13 26 M. pyogenes 27 Intact eschar 
ne Ps. aeruginosa 18 Sloughing eschar 
pa Paracolon 5 Eschar excised 
i P. vulgaris 4 Granulating 
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TABLE IV 
NINE PATIENTS WHO SURVIVED SEPTICEMIA FOLLOWING THERMAL INJURY 
Per cent of Burn Etiology Findings 
Postburn 
Day of 
Onset 
(yr.) P Causative No. of Status of Wound No. of 
Total | Third Degree | (average) Organism Patients at Onset Patients 
22 41 23 9 M. pyogenes 8 Intact eschar 2 
Paracolon 2 Sloughing eschar 6 
Proteus 2 Granulating I 
TABLE V 
SUMMARY OF PATIENTS RECEIVING BACITRACIN (300,000 UNITS DAILY) 
Findings 
Deaths from Administration | Longest 
No. of : : 
Pati Unrelated Survivors of Drug Period 
atients 
Causes (average days) (days) —_— No. of 
Patients 
33 21 12 12 | 52 Slough at injection site I 


instances it was sensitive to bacitracin. Most 
of the patients were treated with large doses of 
bacitracin, erythromycin and chloramphenicol. 

A summary of the patients who received 
300,000 units of bacitracin daily is shown in 
Table v. A total of twelve patients received 
large doses of bacitracin and they survived. 
Nine of these patients had septicemia. The 
other patients had severe locally-invasive 
infection. One patient received bacitracin for 
fifty-two days. Renal complications of a per- 
manent nature did not occur. Red blood cells 
and albumin in the urine were noted in many 
of the patients who received large doses of 
bacitracin and this condition persisted during 
therapy. After discontinuing the bacitracin, 
however, the urine returned to normal and 
there was no evidence of permanent nephro- 
toxicity. In one patient there was a moderate 
amount of slough at the injection site. 

From this experience it would seem that, as 
more burned patients survive the immediate 
postburn period because of improved replace- 
ment therapy, added emphasis must be given 
to the problem of infection or, more specifically, 
to septicemia. Although Table 1 lists forty-six 
deaths as being associated with septicemia, not 
all of these patients died because of septicemia 
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alone. Several patients had extensive burn 
injuries; and bacteria seemed to invade the 
blood stream shortly before death as an added 
or final insult. It appears that the massive 
injury is first characterized by destruction of 
a large volume of tissue and the insult to the 
body is further compounded by infection. 
Many patients could withstand the severe 
insult if generalized infection of the blood 
stream could be prevented. 

The development of septicemia seems: to 
depend upon several factors, such as the volume 
of tissue destroyed, the size of the bacterial 
inoculum, and the resistance of the patient. 
The size of the. bacterial inoculum is not 
particularly influenced by the method of local 
care. As long as the eschar is present, micro- 
organisms that are normally harbored about 
the hair follicles and in the ducts of the sweat 
glands multiply rapidly. This is not surprising 
since the subcutaneous tissue beneath the burn 
has a diminished blood supply because of the 
thrombosis that follows the burn injury. Bac- 
terial proliferation is further enhanced by the 
presence of dead burn tissue. 

The primary problem locally would seem to 
be directed toward the diminution of the bac- 
terial inoculum which cannot be accomplished 
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until the eschar is removed. After this de- 
vitalized tissue has been eliminated, a healthy 
granulating surface must develop in order to 
serve as a protective barrier against invading 
microorganisms. From clinical observations it 
appears that the formation of this barrier is 
influenced by the extent of injury. In exten- 
sively burned patients protective granulations 
fail to form and septicemia develops even after 
the dead eschar has been excised. This failure 
to form a protective granulating surface may 
be only a part of the diminution in the resist- 
ance to infection that is seen in the severely 
burned patient. 

M. pyogenes was the most frequent offender 
in causing septicemia. In this series, this micro- 
organism was resistant to nearly all antibiotics 
with the exception of bacitracin. Vigorous 
antibiotic therapy may control the blood 
stream infection for a period of time long 
enough to permit treatment of the local surface 
and to eliminate the focus of infection. The use 
of large doses of bacitracin, or a more recent 
antibiotic, cathomycin, may be of value in 
controlling the growth of microorganisms in 
the blood stream. 


SEVERE INFECTION IN PATIENTS WITH 
ACUTE RENAL INSUFFICIENCY 


Investigators who studied the problem of 
post-traumatic renal insufficiency during the 
Korean conflict pointed out the problem of 
infection in such patients [4]. In a study by 
Balch [2], it was impossible to show any differ- 
ence in the ability to resist infection between 
patients with renal insufficiency and other 
patients who experienced battle wounds, as 
revealed by measurements of in vitro phagocy- 
tosis, complement levels, and synthesis of 
tetanus antibody. However, it did appear 
clinically that, from the standpoint of infection, 
patients with renal insufficiency presented a 
real problem. 

Of a group of twenty-four patients with 
acute tubular necrosis who were treated at the 
Surgical Research Unit during 1954 and 1955, 
seven survived and 17 died. (Table v1.) The 
causes of acute tubular necrosis ranged from 
transfusion reactions and mercuric cyanide 
poisoning to extensive surgical or mechanical 
trauma. All patients were treated by hemo- 
dialysis by use of the artificial kidney. Five 
patients died of miscellaneous causes before 
diuresis. In twelve patients who died, infection 
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played a predominant role. Six of these patients 
had gross disorders that probably were not 
remediable. Of these six patients, three experi- 
enced a diuresis but died of their original 
injury complicated by infection and not directly 
from the renal lesion. In the other six patients, 


TABLE VI 
TWENTY-FOUR PATIENTS HAVING ACUTE TUBULAR 
NECROSIS (1954-1955) 


Deaths Causes of Death 
No. 
Sur- Experi- 
vivors | Total | Percent N f encing 
Num- Disease Entity Diuresis 
ber ota 
4 17 71 Infection promi- 6 
nent 
Bacteremia 6 
Unclassified 5 


there was a bacteremia caused by one or more 
of the following organisms: M. pyogenes 
in two patients, Proteus vulgaris in four, 
Aerobacter aerogenes in one and paracolon 
bacillus in one. Five of these patients experi- 
enced a diuresis and their death was directly 
attributable to bacteremia. 

As more information is gained concerning 
the management of acute renal insufficiency, 
the patient may survive the initial insult and 
actually experience a diuresis, but he may suc- 
cumb eventually from infection in spite of 
vigorous antibiotic therapy. During the two 
years of this study, eight of the twelve patients 
who died with associated infection did so during 
the diuretic phase when resolution of the renal 
lesion with attendant chemical imbalances was 
well under way. It would appear that injury 
with added renal insufficiency is such a severe 
insult to the body that its power to resist 
infection is appreciably diminished. 


COMMENTS 


Before the use of antibiotics, infection was 
recognized as one of the major complications 
in injured patients. The problem of infection 
was minimized as the chemotherapeutic agents 
became available. Because of a better under- 
standing of the physiopathology of the initial 
period after injury, more patients now survive, 
and invasive infection becomes a major com- 
plication. Recent evidence indicates that anti- 
biotic therapy is becoming less and less effec- 
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tive because of the development of resistant 
strains of bacteria. Most of the offending 
microorganisms in the previously cited experi- 
ence with burns and acute renal insufficiency 
were strains of M. pyogenes and coliform 
microorganisms, respectively, that were re- 
sistant to the usual antibiotics. 

The problem of infection following injury 
seems to be a compound one. Resistant micro- 
organisms may develop and the insult from the 
injury may be so severe that the body’s defense 
mechanisms are incapable of withstanding the 
attack by bacteria. This means that the avail- 
able antibiotics should be used judiciously. 
The newer drugs should be withheld for use 
after the development of bacterial resistance. 
Before any antibiotic is ordered, the surgeon 
should ask himself: “‘Is this antibiotic really 
necessary ?”” 

Although there is no positive proof that the 
mechanisms for resistance of infection are 
unable to function after severe trauma, ex- 
perience with patients sustaining burns and 
renal insufficiency points toward a decreased 
ability of the body to withstand bacterial 
invasion. 

It is doubtful if the solution to the problem 
of infection in trauma is the development of 
more and more antibiotics. More intensive 
investigations are needed to study the ability 
of the host to combat infection. 


SUMMARY 


During the past few years improved resusci- 
tative therapy in patients who were burned 
and in patients who experienced severe mechan- 
ical trauma has permitted longer survival; 
and eventually infection has caused their 
death. Likewise, patients who have post- 
traumatic renal insufficiency have been sus- 
tained by proper fluid and electrolyte therapy 
and multiple dialyses with an artificial kidney 
through diuresis and chemical recovery only 
to succumb to severe infection. 

Between 1950 and 1956, eighty-two deaths 
occurred among 1,000 burned patients who 
were hospitalized. Septicemia was associated 
with death in forty-six instances, and improper 
replacement therapy in ten instances. The total 
per cent of burn of patients who died averaged 
56, 40 per cent being third-degree involvement. 
The causative microorganism was primarily a 
resistant form of M. pyogenes. Nine patients 
survived septicemia; the total per cent of burn 


among these patients was significantly less than 
those who died. The day of onset in the group 
that died averaged thirteen; the average was 
nine among the survivors. Because many of 
the causative microorganisms were sensitive to 
bacitracin, it was administered daily in large 
doses (300,000 units). Permanent renal damage 
was not seen in any of the patients who received 
bacitracin therapy. 

During the past two years, twenty-four pa- 
tients with acute tubular necrosis were treated. 
There were seventeen deaths and seven sur- 
vivors. In the seventeen patients who died, 
twelve deaths were complicated by a severe 
infection. Of these twelve patients, eight 
experienced a diuresis. 

It appears that infection following severe 
trauma is a major unsolved problem. Further 
investigation concerning the resistance of the 
body to infection is strongly indicated. 
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DISCUSSION OF PAPERS BY NELSON; AND 
ARTZ AND TESCHAN 


Martin C. Linpem (Salt Lake City, Utah): I 
want to compliment Dr. Nelson on his compre- 
hensive and informative paper. There is nothing 
I can add to the body of his paper other than to 
put into our consciousness the hidden loss of the 
blood volume which occurs at times, and I will 
relate this by citing a case. 

A fifty-one year old man who was struck over 
the lower back by falling brick was brought to 
the hospital in shock. There was no external blood 
loss. He did have a fracture of the humerus in one 
arm. His blood pressure was unobtainable and he 
was definitely in hemorrhagic shock, but where had 
the blood gone? There was no injury to the ab- 
domen; there had been no question of injury to 
the liver. 
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His blood pressure and shock condition were 
restored to normal after transfusion of 4,000 cc. of 
blood, that is, 8 pints of blood within about 
twenty-four hours. Three additional units of blood 
were required to stabilize him completely and bring 
the hematocrit to 42. We found where the blood 
had disappeared from the circulating volume. 
There was an immense extravascular collection, an 
ecchymosis into the buttocks on both sides; the 
tissues became quite tense, but did not break the 
skin. Evacuation was not required. 

This type of blood loss occurs often in our 
experience. The blood escapes into tissues where 
it cannot be observed and accounts for the shock 
condition which may hinder diagnosis at times. 

STEPHEN SYLVESTER HupAck (Cleveland, Ohio): 
I would like to address a few remarks to the presen- 


_ tation by Col. Artz and Major Teschan. 


As some of you may know, there is work being 
done on a substance that was discovered not too 
long ago by Pillemer in this country and Rowley in 
the United Kingdom. It is called properdin. It 
apparently is a non-specific chemical complex 
which requires the presence of magnesium and 
components of complement to be effective in 
combating infection. Whether or not this may 
prove to be an important discovery is yet to be 
shown clearly. However, bits of evidence are accu- 
mulating which indicate that many factors perhaps 
not understood at the present time may become 
clear later on. 

For example, Rowley discovered not long ago 
that a purified lipopolysaccharide present in certain 
organisms was capable, in almost infinitesimal 
amounts, of blocking or reducing the activity of 
properdin so that the minimal lethal dose of a 
lethal bacterium could be decreased 100 million 
times. 

Studies are being conducted in our laboratory 
at St. Luke’s and elsewhere which indicate that 
this process of the immediate chemical protection 
of the animal may continue in several stages. It is 
too complicated for me to discuss at the present 
time. However, in certain situations it is con- 
ceivable that the use of antibiotics causes the 
explosion and liberation of the endotoxins. If 
these endotoxins are of the proper lipopolysac- 
charide constitution, they may actually block the 
primary protective mechanism offered by properdin 
for these overwhelming infections, which behaves 
independently of the specific antibody responses 
that the body has for protection against bacteria. 

James F. Conne i (Staten Island, N. Y.): I 
would like to further the plea of Col. Artz for con- 
trol in the field of infection. At the Burns Center 
at St. Vincent’s Hospital in New York we have 
been upset by the numerous infections we have 
had with resistant bacteria. In a study I made last 
winter of our nursing and medical personnel (i.e., 
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aides, doctors and nurses who were attending burn 
patients as well as some patients with broken skin 
surfaces due to acute trauma) it was found that 
these workers were carrying resistant organisms 
in their noses, throats, fingernails, and in the 
scissors they used. 

We found that the organisms were resistant to 
the entire spectrum of antibiotics being utilized 
on the surgical service at that time. We have done 
two things to remedy this. First, we have reverted 
to the technic of maintaining or prophylactically 
preventing the surgical and nursing personnel from 
transmitting infection. Second, we have reserved 
one broad-spectrum antibiotic, chloromycetin,® 
from the hospital use because we have found that 
approximately 97 per cent of. our hemolytic 
staphylococci were sensitive to it. 

This antibiotic is utilized only in cases of severe 
infection with septicemia and is under direct 
supervision of the research group in order to keep 
one antibiotic from contact with our nursing and 
medical personnel so that their organisms can 
build up a resistance to it. 

We would like to recommend that further 
research be developed and supported for the con- 
trol of resistant organisms. 

M. FoGeELMAN (Dallas, Tex.): I should like to 
congratulate Dr. Nelson on his attempts to clarify 
the nosologic and etiologic factors in the treatment 
of shock. There is one aspect of the therapy of 
shock I would like to comment on, and that is the 
indiscriminate use of blood. 

It has been estimated that the number of deaths 
in this country last year due either to a complica- 
tion of the administration of blood, even though 
there was a need for blood, or due to the adminis- 
tration of blood when there was no need for it, 
probably exceeded the number of deaths due to 
appendicitis and its complications; that is, about 
25,000 deaths per year. It is only natural that the 
number of complications due to the administration 
of whole blood increase with its ready availability 
for therapy. 

I think it is very important to dissect each case 
of shock to determine its cause. The therapy of 
shock then becomes specific and based upon the 
physiologic aberration which has incited its cause. 
There is no doubt that shock due to blood loss, 
whether it be obvious or occult, should be treated 
by the administration of whole blood. On the other 
hand, there are innumerable examples in which the 
administration of whole blood has no place in the 
treatment of shock. For instance, the treatment of 
shock due to gastric dilatation is a Levin tube and 
appropriate salt water volume connection; the 
treatment of shock due to cardiac tamponade .is 
pericardial aspiration; the treatment of shock due 
to heat stroke is the employment of methods to 
reduce hyperthermia. All these forms of therapy 
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for shock are specific and do not primarily involve 
administration of blood. The withholding of blood 
and the employment of a specific therapeutic 
procedure not only is logical resuscitation but also 
further reduces the mortality rate due to the indis- 
criminate use of blood. 

The presence of multiple injuries is almost 
always associated with the loss of extracellular salt 
water volume as well as blood. In such instances 
it is important to correct salt water deficit as well 
as blood loss. 

In summary, I would like to say that one should 
certainly give blood when it is needed. However, 
it is of great importance to recognize that there are 
many instances of hypotension and shock in which 
the administering of blood only serves to foster 
irreversible pulmonary complications and renal 
dysfunction, certainly a form of therapeutic 
suicide. 

James K. Strack (Chicago, III.): I have a ques- 
tion for Col. Artz. It is well known that the gluco- 
corticoids inhibit inflammatory response and, 
therefore, in the early period of their use they were 
contraindicated. Reports are now appearing in the 
literature which seem to indicate that the use of 
these corticoid substances enhances the action of 
the proper antibiotics in overwhelming infection. 
I would appreciate it if Col. Artz commented on this. 

Russe. M. NE son (closing): I think the prob- 
lem that Dr. Lindem brought up emphasizes one 
important feature about the treatment of shock. 
His illustration of the patient who had occult 
bleeding as the cause of the shock is a very frequent 
occurrence. In our hospital we have difficulty with 
the house staff who occasionally, or rather fre- 
quently, will administer vasopressors the moment 
a patient enters the emergency room. When you 
change the peripheral resistance, and thereby 
change the pressure, you lose some of the major 
indices by which you could then determine whether 
or not the patient needed blood. This certainly 
emphasizes that before we start using blood or 
vasopressors we should be critical as to why the 


patient is in shock and give him that which he 
needs. As Dr. Fogelman has pointed out, we should 
not give him too much of a good thing. 

Curtis P. Artz (closing): I am not sure, as 
Dr. Hudack pointed out, of the role of properdin 
in resistance to infection. We have sent several 
specimens from various types of burns to the 
Department of Chemistry at Western Reserve 
University. These specimens were obtained from 
burn patients in whom fatal and non-fatal septi- 
cemia developed, and from patients who had burns 
of more than 30 per cent of the body surface with 
local invasive infection. 

In a small number, twenty, there seemed to be no 
difference in the properdin levels. This is very 
preliminary and further investigation of this type 
should be carried out. 

Dr. Connell’s suggestion of withholding one 
antibiotic is a very good one. Probably the best is 
chloramphenicol. At Brooke Army Hospital, 
studies with chloramphenicol and other antibiotics 
have been carried out for several years so that 
bacitracin and cathomycin are withheld until 
needed in severe infections. 

Like Dr. Connell, we have taken cultures from 
the noses and throats of our staff; the resistant 
form of Staphylococcus aureus is on the hands or 
in the throats of our surgeons, corpsmen and 
nurses, but not our secretarial staff who reside on 
the same ward. It is probably the people who are 
in close contact with the patients who harbor the 
resistant forms of the micrococcus pyogenes. 

I have no experimental evidence concerning the 
use of the glucocorticoids in severe infections. The 
present belief of our group is that in place of an 
inadequate amount of adrenal cortical hormones, 
there is probably too much. First, the severely 
burned or injured patient does not form granula- 
tion tissue and perhaps this is because the adrenal 
is overactive. Second, if the patient survives the 
period of septicemia, a Curling’s ulcer develops. 
In the past six years Curling’s ulcer has developed 
in twenty patients. 
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Evaluation of Methods of 


Determining Operative Intervention 
in Acute Trauma to the Nervous System 


P. A. LinpsTRoM, M.D. AND CHESTER B. PowELL, M.p., Salt Lake City, Utab 


From the Division of Neurological Surgery, University 
of Utab College of Medicine, Salt Lake City, Utab. 


3 er question of surgical intervention in 
acute trauma to the nervous system is still 
a controversial subject. In the last twenty 
vears the tendency has been to rely, in ever 
increasing degree, on various diagnostic tests 
and procedures. Such tests have been labeled 
by some as practically 100 per cent accurate. 
Their diagnostic value in acute cases seems to 
us greatly overrated, particularly when it 
comes to answering the question whether or 
not an acute traumatic case requires surgical 
intervention. We shall try to illustrate this 
with a few examples. 

After severe craniocerebral trauma there are 
two conditions especially which require early 
surgical intervention: (1) compound, com- 
minuted fractures of the skull, and (2) intra- 
cranial hematomas. The distortion of brain 
tissue caused by depressed bone pieces is rarely 
sufficient to cause an increase in intracranial 
pressure, and the only urgent reason for ex- 
ploration of the fractures in a seriously ill 
patient is to stop bleeding or to evacuate a 
hematoma. This generally applies irrespective 
of what the electroencephalogram reads and 
how large the fractures appear on skull films. 
Clinical judgment regarding the patient’s 
general condition and the severity of injuries 
to other parts of the body should be the basis 
for the decision as to when depressed skull 
fractures should be elevated, keeping in mind 
that early revision is desirable. The elevation 
of depressed fractures, the débridement and 
final closure of the wound can be postponed for 
hours and, if necessary, even days while anti- 
biotic medication is being administered. 

With respect to surgical intervention for 
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intracranial hematomas, we have been taught 
to rely on the so-called classical signs. These, 
unfortunately, are not very consistent. True 
enough, many patients do respond with a 
slow pounding pulse and high blood pressure; 
but when their condition turns critical or is 
complicated by additional injuries, the pulse 
may become fast and thread-like and the pulse 
pressure depressed in spite of a cerebral 
hematoma. The intracranial pressure is usually 
elevated in acute hematomas but the degree 
of elevation is of little help. A cerebral con- 
tusion can cause a pressure of 600 mm. or more. 
In contrast, the cerebrospinal fluid pressure 
may be 170 mm. water or lower the first few 
days after injury to the head and then show a 
minor elevation to approximately 190 mm. 
even when a large hematoma is found. Unequal 
pupils, with the dilatation more frequently 
on the side of the hematoma, may or may not 
be present. Paresis of an arm can just as well 
be caused by contusion of the brain. No wonder 
therefore that we have turned with great 
expectations to various tests to aid us in 
differential diagnosis and in deciding when 
exploration should be done. Electroencephalo- 
grams, unfortunately, fail to show typical 
abnormalities in the form of depressed activity 
in approximately one of four cases. These 
changes might, in fact, occur on the side oppo- 
site the hematoma and are then probably due 
to contusion. In some cases the electroen- 
cephalograms are symmetric and within normal 
limits even when the hematomas are large. 
Ventriculograms would in most cases be ex- 
pected to demonstrate a shift; but when 
hematomas occur over both hemispheres, the 
ventricles may show little or no displacement. 
If the ventricles in such a case happen to be 
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large, the air studies are more deceiving than 
helpful. Arteriograms are more reliable than air 
studies in the diagnosis of epidural or sub- 
dural hematomas. However, from a practical 
viewpoint, neither of these is helpful in deciding 
in the individual case whether or not immediate 
surgical intervention is indicated because both 
procedures generally involve more risk to the 
critically ill patient than do bilateral burr 
holes. The diagnostic procedures mentioned 
in the foregoing are, of course, of great interest 
when it is feasible to do them. In chronic cases 
they are often indispensable. 

With respect to management of acute intra- 
cranial hematomas, it appears that we are on 
the same ground held by neurosurgeons some 
twenty years ago, relying for our decision 
regarding exploration on one outstanding 
feature: the state of consciousness. Progressive 
stupor in a patient with more or less increased 
spinal fluid pressure following trauma to the 
head is the main indication for exploratory burr 
holes. 

In acute injuries to the spinal cord the 
question of surgical intervention and its timing 
frequently arises. The purpose of laminectomy 
in such cases is to decompress the cord either 
because of edema, hemorrhages or stretching 
of the cord, or because of distortion due to 
bone fragments. The presence of a paralysis 
does not foretell what benefit may be derived 
from decompression and should not be a cri- 
terion for or against such a procedure. A con- 
tusion of the cervical cord and even a con- 
cussion might cause initial paralysis from which 
the patient recovers. On the other hand, one 
may find negligible acute swelling or sur- 
prisingly little microscopic damage to a cord 
that is permanently functionless below the 
site of injury. There may be cord paralysis 
without evidence of fractures or displacement 
of the vertebral column; drastic displacement 
of the vertebrae may cause little or no damage 
to the cord. Figure 1 illustrates such a case in 
which there was no paresis from the time of the 
accident; the only neurologic abnormality was 
temporary Babinski reflexes. One should not 
make the mistake of proclaiming the cord 
damage permanent just because of a severe 
fracture-dislocation or, for that reason, refrain 
from a decompressive laminectomy. Electro- 
myograms are of little help in the acute stage. 
Although the first neurologic examination 
cannot tell us whether or not surgery is indi- 


Fic. 1. Excessive traumatic dislocation of the cervical 
spine without paresis or sensory deficit. 


cated, it is important that it be done thoroughly 
so that any progression of symptoms and signs 
can be detected. 

There are only three reasonably reliable 
indications for immediate surgery in trauma 
to the spinal cord, and they apply only if a 
neurologic deficit persists and provided the 
patient’s general condition is no contraindica- 
tion: (1) spinal fluid block, (2) progressive 
paresis or spreading paralysis, and (3) presence 
of bone pieces or foreign bodies in the spinal 
canal demonstrated by x-ray. A fourth can 
be added, namely, lack of improvement of an 
extensive paralysis. One can argue that after 
trauma most patients with para- or quad- 
riplegia who show no improvement within the 
first twenty-four hours should undergo ex- 
ploratory laminectomy, performed in the most 
careful fashion. 

The handling of fresh peripheral nerve 
injuries also remains a controversial subject. 
There is a widely accepted rule that nerve 
surgery should be delayed until three weeks 
after trauma. The distal stump must “de- 
generate before it can regenerate.” The axons 
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which in the meantime might have started to 
grow out of the proximal stump in an irregular 
fashion should be cut off. Some impressive 
studies from military hospitals conclude that 
nerve suture after two or three weeks’ delay 
has given better results than primary suture. 
The general tendency the last twenty years 
has therefore been to clean and close open 
wounds and to leave the matter of nerve repair 
to future consideration. 

Other aspects of the problem should, how- 
ever, be taken into account. Primary suture, 
also among war casualties, has been successful 
in a good percentage of cases. It is somewhat 
misleading to compare the results of primary 
suturing when it is done by less experienced 
personnel in “front line hospitals” to the results 
obtained by specialists working under less 
strain in major hospitals. To locate, dissect, 
mobilize and approximate a nerve ending is 
easier within a few hours of the trauma than to 
work through scar tissue weeks later. Danger 
of further sectioning and damaging a nerve 
trunk, particularly the small nerves in the 
hand, increases in late repairs. In war there is 
much less opportunity for surgery within a 
few hours after injury; the secondary infection 
is more of a problem, and in bullet wounds the 
extent of damage to the proximal stump is 
difficult to estimate. If the surgeon is not very 
familiar with the involved anatomy, a nearby 
atlas is more important than an electric device 
for the testing of nerve function. The last nerve- 
to-tendon suturing we re-explored (the median 
nerve had been sutured to the tendon of the 
pollicis longus muscle) had been done in de- 
layed nerve repair, and apparently the scarred 
and distorted tissues had confused the surgeon. 
We prefer primary closure if the cut through 
the nerve trunk is clean, caused by a sharp 
object. Retraction of the nerve endings is then 
prevented should re-exploration be necessary. 

How do we determine if a nerve needs sutur- 
ing? The first neurologic examination usually 
does not give us the answer. Often the conscious 
patient is unable to cooperate in testing because 
of pain, swelling or fractures. The evaluation of 
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motor function in the comatose, irrational or 
intoxicated patient is a half measure. Chronaxie 
recordings and electromyograms are of no help 
the first three weeks, since abnormal reaction 
and fibrillation of denervation discharges do 
not occur until eighteen to twenty-one days 
after surgery; thereafter they are important 
mainly as a baseline for future readings. Ex- 


. tremity paralysis the first day after trauma is 


not proof of a nerve section; bfunt trauma and 
stretching may cause permanent or temporary 
loss of motor function. 

If we are dealing with an open wound, direct 
inspection is the most important examination 
for determining whether or not the involved 
nerve is severed. It should be the responsibility 
of the surgeon who does the primary repair of 
the wound to look for severed nerves and not 
just débride and close, leaving the evaluation of 
nerve damage to future diagnosis. Moreover, 
only thorough inspection combined with gener- 
ous irrigation assures us that the wound is 
satisfactorily cleansed. 

The situation is entirely different in closed 
trauma or in old lacerations with nerve damage. 
There conservatism generally “‘pays off” and 
various diagnostic procedures during weeks of 
observation will be helpful. : 

Our diagnostic armamentarium has been 
greatly enriched by air studies, arteriograms 
and electric testing devices. However, in acute 
traumatic cases we find that simple clinical 
considerations are far more important for the 
evaluation of the need of immediate surgical 
treatment. By following changes in state of 
consciousness, by checking for spinal fluid block 
and progressive paresis, and by thoroughly in- 
specting an extremity wound, the surgeon has 
applied the most reliable tests in acute injuries 
to the brain, spinal cord and peripheral nerves, 
respectively. On the basis of such studies and 
the patient’s general condition the surgeon can 
decide with reasonable confidence whether or 
not a patient requires immediate or early surgi- 
cal intervention for trauma to the nervous 
system. 


: 
| 
Be 
fy: 
ard 
= 4 
: 
9 
3 
> 
Re 3 
: 
$ 
4 
4 
en 
7 
a 
q 
J 
‘ 
= 
j 
; 
aan 
|| 


Log Chain Fracture-Dislocation 
of Eleventh and Twelfth Thoracic 
Vertebrae, with Paraplegia 


GeorceE W. LeSar, M.D. AND WiLL1AM D. Moncer, M.D., Lancaster, Obio 


 igmae unusual character of the injury de- 
scribed herein seems to justify this report, 
no similar case having been found in a review 
of the literature. The satisfactory outcome, 
furthermore, lends weight to the evidence 
favoring early decompression of the spinal 
cord when the bony framework of the spinal 
canal has been seriously deformed by injury. 


CASE REPORT 


On September 28, 1954, a thirty-three year old, 
well muscled, stocky laborer was driving a tractor 
pulling a heavy log with a chain slung around the 
log, hooked to itself and attached to a tractor 
18 inches away. The front end of the log dug into 
the ground, the chain snapped next to the log and, 
like a whip, cracked him across the back over his 
right lower thorax. His lower extremities were 
immediately paralyzed and he experienced severe 
pain in his back at the site of the blow. Being 
unable to move, he remained in the bucket seat of 
the tractor until rescued by two men. 

The patient was lifted from the tractor seat by 
the two men and carried face up, held by the arms 
and legs, for 200 yards, then laid on his back on an 
automobile seat placed on the ground. Pain was so 
great that he was turned onto his abdomen on the 
seat. This did not relieve him so he was moved the 
few feet to the automobile and placed in a sitting 
position, but he was unable to tolerate this position. 
He turned his body himself and pulled his lower 
extremities around so that his chest was on the 
seat and his knees on the floor, and in this position 
was driven 15 miles to the hospital. 

He arrived at the Emergency Room in the 
described position, and was removed as gently as 
possible and placed on a cart. 

Physical examination revealed that he was 
conscious and alert and had severe pain in the 
mid-back. Blood pressure was 110/80, pulse 88 per 
minute, and respirations 18. He was not restless 
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or in obvious shock. Swelling and discoloration 
were noted over the lower thorax posteriorly at the 
level of the tenth, eleventh and twelfth spinous 
processes, more on the right than the left. Marked 
tenderness existed upon pressure over the tenth, 
eleventh and twelfth thoracic vertebrae, with 
complete paralysis of the lower extremities, except 
for slight adductor power in both thighs. Anes- 
thesia was complete from the level of the inguinal 
ligaments distally. Deep tendon reflexes of the 
upper extremities were physiologic, and were ab- 
sent in the lower extremities. Abdominal and 
cremasteric reflexes were also absent. The Babinski 
reflex was positive bilaterally. 

Abdominal examination revealed a well healed 
scar from a right rectus incision. The skin of his 
back showed marked seborrhea with numerous 
comedones, many of which were infected. The 
remainder of the physical examination revealed no- 
abnormalities. 

Postero-anterior and lateral x-rays, obtained 
while the patient was on the cart (Figs. 1 and 2), 
showed that the eleventh thoracic vertebral body 
had been knocked to the left approximately one- 
third the body width and was severely com- 
minuted, especially in its inferior, left portion. The 
body of the twelfth thoracic vertebra was also 
fractured and was crushed in its superior right 
aspect, so that the distance between the tenth 
and twelfth thoracic bodies was little more than 
the height of an intervertebral disk. A posterior 
portion of the eleventh thoracic body was dis- 
placed posteriorly. Also, the pedicles of both the 
eleventh and twelfth thoracic vertebrae were 
fractured. 

Spinal tap was done immediately after the 
patient was placed in bed, the needle being inserted 
between the third and fourth Iumbar spines. An 
initial reading of 160 mm. water pressure was ob- 
tained. The fluid was pink at first, but cleared 
after a few drops. Bilateral jugular compression 
caused no rise in pressure, but abdominal pressure 
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Fic. 1. Original lateral x-ray taken horizontally with 
grid; patient in prone position on stretcher. The 
eleventh thoracic vertebral body is severely com- 
minuted anteriorly and posteriorly, and partially dis- 
placed posteriorly. Pedicles of the eleventh and twelfth 
thoracic vertebrae are also fractured. Distance between 
the tenth and twelfth thoracic bodies is little more than 
the height of an intervertebral disk. 


did cause a quick rise in spinal fluid pressure 
which returned to normal when abdominal pres- 
sure was released. 

Other laboratory determinations revealed the 
following: erythrocytes, 4,130,000; hemoglobin, 
88 per cent, leukocytes, 17,100 (74 per cent seg- 
mented neutrophils) 12 per cent stab forms, 1 per 
cent juvenile neutrophils, 10 per cent lymphocytes 
and 3 per cent monocytes). Urinalysis revealed 
100 mg. of protein; the sediment contained 1 white 
blood cell, 3 granular casts and 1 waxy cast per 
high power field. 

The patient’s past history revealed that twelve 
years prior to this injury he had received a blow 
to his right flank, resulting in severe contusion of 
the right kidney which was removed. He had 
recovered from this completely and remained 
asymptomatic. 

Since the patient had complete paraplegia at 
the level of the fracture-dislocation, with obvious 
encroachment of the bone fragments upon the 
spinal cord, immediate decompression of the spinal 
canal was deemed mandatory. 

Preoperative medication consisted of 100 mg. of 
demerol® and 0.4 mg. of atropine. After sodium 
pentothal® induction an intratracheal tube was 
inserted and anesthesia was maintained with 
cyclopropane and ether. Three doses of 3 mg. of 
curare were given intravenously 40, 55 and 120 
minutes after the operation was begun. Seven 
doses of 10 mg. of demerol were given intravenously 


Fic. 2. Original postero-anterior x-ray. Bodies of the 

eleventh and twelfth thoracic vertebrae are severely 

comminuted, the eleventh body more so in its right 

inferior portion and the twelfth body more so in its left 

superior portion, so that there is telescoping of these , 
vertebral bodies and the column is shifted to the left 

about one-third the width of a body at this level. 


45, 60, 75, 105, 130, 165 and 190 minutes after the 
operation was begun. Total operating time was 
three hours, twenty minutes. Blood pressure 
remained at a level of 100 to 110 mm. Hg systolic 
and 70 to 80 diastolic. Heart rate was 92 per min- 
ute at the beginning of the operation and ran 
between 120 and 130 per minute thereafter. Res- 
pirations were 18 per minute at the beginning and 
thereafter ran between 20 and 26 per minute. 

The operation was performed with the patient 
in a prone position four hours and forty-five min- 
utes after injury. The skin of the back was pre- 
pared with soap, water and ether and painted with 
tincture of zephiran.® Through a midline longi- 
tudinal incision from the ninth thoracic to the first 
lumbar spines, the tenth, eleventh and twelfth 
spinous processes and the eleventh and twelfth 
laminas were removed, the latter being markedly 
comminuted. 

The spinal cord was sharply angulated over the 
inferior margin of the eleventh thoracic body, and 
upon opening the dura was seen to have several 
small hemorrhages within its substance. Removal 
of the comminuted Iaminas resulted in lessening 
of the angulation of the cord over the eleventh 
thoracic body. The dura was closed with inter- 
rupted silk; the muscle, fascia and skin were 
approximated in layers. 

The shoulders and hips were then elevated by 
sand bags to improve alignment of the spine, and 
a posterior plaster shell was constructed. A Foley 
catheter was placed in the urinary bladder. 
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During the operation the patient received 
1,500 cc. of whole blood and 1,000 cc. of 5 per cent 
glucose in water intravenously. Buck’s traction 
was applied with 10 pounds of weight to each leg, 
and the patient was placed in bed in a supine posi- 
tion with the foot of the bed elevated 10 degrees. 

The early postoperative course was as follows: 
On the first day (September 29th) he was able to 
move the toes of the right foot and had some sensa- 
tion to touch in this foot. The Babinski reflex was 
present bilaterally. Ankle and knee jerks were 
absent. Anal sphincter control was good. Mild 
ileus developed and the patient was given 1 cc. of 
neostigmine (1,000 to 2,000) “h” every three 
hours four times a day. This was followed by 
improvement. 

On the second day (September 30th) pain 
sensation was present over the entire right leg but 
could not be localized accurately. Only the right 
toes could be moved. Mild ileus persisted. 

On the fourth day (October 2nd) the left toes 
could be moved, and dorsal and plantar flexion 
was present in the right ankle. Sensation was un- 
changed; knee and ankle jerks were absent. The 
Babinski reflex was still present. Urine output had 
been 700 to 1,000 cc. per day. Peristalsis was 
normal. 

On the fifth day (October 3rd) the patient was 
unable to move the toes of the left foot. The right 
side was unchanged. An oral temperature of 
99.6°F. was recorded, the highest to date. 

On the seventh day (October sth) all muscles of 
the right leg could be contracted weakly. There 
was a possibility of slight left quadriceps action. 
Sensation was now present in the left foot. Left 
ankle and knee jerks were noted, but right ankle 
and knee jerks were absent. 

On the tenth day (October 8th) the patient was 
placed on a Stryker frame. 

On the twelfth day (October 1oth) both legs 
were sensitive to pinprick, although response was 
inaccurate on the left. The toes of the left foot 
could be moved slightly, but not the left quadriceps. 

On the fifteenth day (October 13th) plantar and 
dorsal flexion of the right ankle was moderately 
strong; right quadriceps action was still weak. The 
toes of the left foot could move more. Right Achilles 
jerk was present; right patellar reflex was absent 
and never returned. 

At this time the catheter was removed and 
micturition was normal henceforth. An anterior 
plaster shell was constructed and the patient was 
turned every two hours on the Stryker frame. No 
decubitus ulcers developed. 

On the twenty-eighth day (October 26th) right 
quadriceps function was unchanged. Good motion 
was present in the toes of the left foot and there 
was slight left quadriceps action. 

Because of the absence of support both ante- 


riorly (through the vertebral bodies so markedly 
crushed) and posteriorly (where the pedicles and 
laminas were fractured or removed), spine fusion 
was considered mandatory and was performed on 
November 1, 1954, thirty-four days after injury. 
Anesthesia consisted of sodium pentothal induction 
followed by intratracheal cyclopropane and ether 


~ maintenance. The spines and laminas of the ninth 


and tenth thoracic and first lumbar vertebrae, and 
the apophyseal joints and adjacent pedicles were 
exposed and denuded of soft tissue and periosteum, 
and the cortex was “fish-scaled.” Cancellous bone 
chips from the left ilium were laid in and covered 
with cortex of the external iliac table. Muscles, 
fascia and skin were closed over in layers. The 
nerve structures were not visualized. Two pints of 
blood were given during the operation. 

The patient had a good recovery from this 
operative procedure, and the incision healed per 
primam. On the first day there was slightly in- 
creased strength of the toe motions on the left, 
with some plantar and dorsal flexion of the left 
ankle; the right side was unchanged. 

Motion and sensation of both lower extremities 
steadily progressed, until at four weeks postfusion 
all motions of the lower extremities were present, 
although weak, and sensation was complete except 
for marked hypesthesia of the left leg medially, 
anteriorly and laterally, and the right leg ante- 
riorly. Deep tendon reflexes were physiologic except 
for the right patellar which was absent. 

He was turned frequently in the anterior and 
posterior plaster shells on the Stryker frame. All 
muscles continued to improve and become strong 
except for the left peroneals and left gluteus 
medius. 

Thirteen weeks after fusion x-rays revealed 
excellent bone formation at the fused area. (Figs. 
3 and 4.) The patient was placed in a Taylor brace 
with attached crutch supports and started walking. 

Three weeks later (twenty-one weeks postinjury 
and sixteen weeks postfusion) he was discharged 
from the hospital, walking in the brace with the 
aid of crutches. The left peroneals and gluteus 
medius were very weak. Sensation to pinprick 
had not changed. 

After discharge ‘from the hospital muscle 
strength continued to improve, and at twenty-nine 
weeks postinjury he was walking with one cane. 
At thirteen months the brace was discarded and 
he walked without aid fairly well except for a limp 
in the left leg. At this time he had marked hypes- 
thesia of the left leg anteriorly, medially and 
laterally and the right leg anteriorly. The peroneals 
and gluteus medius were still weak. 

Twenty-three months postinjury the hypes- 
thesia of both legs had disappeared and the 
peroneals were strong, but the gluteus medius was 
still very weak. The deep tendon reflexes were 
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Fic. 3. Lateral x-ray taken thirteen weeks postfusion. 
There is good bone consolidation posteriorly from the 
tenth thoracic through the first lumbar levels; remain- 
ing posterior displacement of the eleventh thoracic 
body is very slight. 


physiologic except for the right patellar which was 
absent. Babinski reflex was absent. Proprioception 
was good throughout. 


COMMENTS 


The diagnosis of a major injury to the spinal 
cord is usually easy, but to state with any 
degree of certainty that operation may benefit 
or relieve this injury is difficult. However, there 
are now reported studies of large series which 
support the belief that many patients with 
injury to the spinal cord associated with dis- 
location or fracture of the bodies or neural 
arches should be explored [1-3,5,7]. Laminec- 
tomy performed under such circumstances 
carries a low morbidity and mortality rate. 
These patients face a lifetime of potentially 
great disability, and they and their surgeon 
will feel satisfied that all has been done that 
may possibly be of benefit [1,2, 5]. 

If there is no doubt that the neural structures 
are completely destroyed, laminectomy is not 
indicated. However, this determination is 
difficult, and the responsibility is great for the 
surgeon who decides that exploration is not 
indicated. If spinal fluid manometrics show a 
complete block or if the neurologic signs of 
compression are progressing, laminectomy and 
exploration obviously should be performed 
[2,4,6]. 

Damage may be so severe to both the ante- 
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Fic. 4. Anteroposterior x-ray taken thirteen weeks 
postfusion. There is good bone consolidation at the 
area of fusion. The vertebral column is still shifted to 
the left; the fractured eleventh and twelfth thoracic 
bodies are telescoped. 


rior column of support through the vertebral 
bodies and the posterior column of support 
through the pedicles, apophyseal joints and 
laminas that fixation must be done. Plating of 
the spinous processes may suffice or spinal 
fusion may be required. 

This patient’s transportation to the hospital 
was frightful. We would like to think it could 
not have occurred in this day and age after so 
much effort has been spent on instruction in 
the proper method of transporting patients 
who have injury to the spine without motion 
of the spine. 


SUMMARY 


A case is presented of injury to the spinal 
cord associated with fracture and dislocation 
of the eleventh and twelfth thoracic vertebrae. 
The injury was caused in an unusual manner 
when the patient was struck, whip-like, by a 
log chain. Immediate decompressing laminec- 
tomy with later spinal fusion was followed by 
almost complete recovery from the initial 
paraplegia. 
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DISCUSSION OF PAPERS BY DRS. LINDSTROM AND 
POWELL; AND LESAR AND MONGER 


GeorceE J. Curry (Flint, Mich.): I would like 
to direct my comments to the paper by Drs. LeSar 
and Monger. The transportation of this patient 
was atrocious; every principle was violated. Trans- 
portation of the injured should improve in Ohio. 

My next comments are complimentary. This 
case was well managed, in my opinion, but I was 
somewhat astonished to hear that the authors had 
not found a similar situation in the literature. 
Fracture-dislocations of the spine with trauma to 
the spinal cord are not uncommon in our com- 
munity. With increasing neurologic findings, 
laminectomy with cord decompression has been 
performed. Indications for fusion are on an indi- 
vidualized basis. 

FREDERICK REICHERT (San Francisco, Calif.): I 
would like to comment on the paper by Drs. 
Lindstrom and Powell. Watchful waiting is the 
keynote in evaluating the need for surgery in cases 
of trauma to the nervous system. You have to 
observe these patients every hour and teach your 
house staff to do the same. Very often these pa- 
tients may become unconscious and you are not 
certain of how to treat them. 

We make two holes in the skull, using either 
no anesthetic or a local, and thereby rule out a 
subdural hematoma or extradural hemorrhage. 
We can then shrink the brain and treat the con- 
tusion, concussion or whatever is causing the 
unconsciousness. Therefore, the simple procedure 
of knowing whether or not blood is present by 
trepanation is very important. 

Joun E. Raar (Portland, Ore.): I should like to 
compliment Drs. Lindstrom and Powell on the 
excellence of their paper. I find very little with 
which I can disagree. Certainly progressive stupor 
is the most important indication for operating 
upon a patient with an injury to the head. 

It seems to me that our present day medical 
students have a tendency to treat the laboratory 
sheet rather than the patient. When they come to 
intern in our hospitals it is very difficult to train 
them to carry out an adequate initial examination 
on the patient with an injury to the head. The 
interns are inclined to take the patient to the 
x-ray department, or to take an electroencephalo- 


gram to try to determine whether or not an intra- 
cranial hematoma is present. These procedures are 
not substitutes for a careful initial neurologic 
examination. 

Frank H. Mayrietp (Cincinnati, Ohio): I, too, 
have been very much interested in these two papers 
and I share completely Dr. Lindstrom’s thought 
that clinical examination and judgment cannot be 
replaced by laboratory tools in the selection of 
patients for surgery. By the same token, I believe 
that a clot cannot be substituted for clinical judg- 
ment and decision for the time of operation upon 
a spine. 

There is no more justification for the statement 
that spines should be operated upon in the first 
twenty-four hours than there would be to say that 
they should not be operated upon at all or that all 
of them should be operated upon. 

In reference to the paper by Drs. LeSar and 
Monger, I think the people who transported their 
patient proved conclusively that he did not require 
laminectomy or spinal fusion, because if they put 
him through that type of maneuver and did not 
aggravate the injury to his spinal cord, it is very 
unlikely that the aggravation would have been 
produced had he remained comfortably in bed. 

I do not mean to indicate that the operation 
should not have been performed. It is possible that 
certain fragments of the vertebrae were causing 
compression on the cord and that his recovery is 
more complete than it would have been had the 
lamina remained in place. However, I do not agree 
with Dr. Monger who assumes that the progressive 
improvement in the cord function in this man 
with a mildly injured spinal cord was a result of the 
operation. I say mildly injured because Babinski 
signs were present immediately; these signs indi- 
cate an incomplete partial lesion when occurring 
within the first few hours, not a complete lesion. 
The reaction to the toe response immediately after 
cord injury when it is transected is plantar flexion. 
I think that is a well established principle in all 
neurologic examinations. 

The Queckenstedt sign is not an indication for 
surgical intervention or for decision with reference 
to surgery. The first paper I presented before this 
Society many years ago, I thought, proved that 
patients got well despite the presence of a block. 
Seven cases were reported in which no operation 
was performed upon patients who had obstruction 
to the Queckenstedt sign and who became progres- 
sively better. The Queckenstedt sign simply indi- 
cates that there is not sufficient space left in the 
subarachnoid space to measure the total surface 
of the needle. 

I have said many times, and I will say again, that 
to debate whether or not a patient should be 
operated upon after an injury to the spinal cord is 
not one that is decided in general, but on an indi- 
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vidual basis. Had I been handling the patient of 
Drs. LeSar and Monger, I would have waited two, 
three or four days before operating. Then, if he were 
improving, I probably would not have operated 
at all. Operation made the spinal fusion necessary 
which probably would not have been necessary 
otherwise. 

P. A. Linpstrom (Salt Lake City, Utah): A 
spinal fluid block is in itself not an indication for 
surgery. I thought I had mentioned that when we 
find a post-traumatic paralysis or a progressive, 
severe paresis, exploration is indicated if there is a 
spinal fluid bloc and provided the general condition 
of the patient is no contraindication. 

D. Mowncer (closing): No trained 
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personnel were supervising the transportation of - 
our patient until he arrived at the hospital. I did 
not want to imply that the laminectomy itself 
caused a recovery of his muscle power and sensa- 
tion. However, the view we had of the lamina 
pressing upon the cord with the cord curved around 
the body of the eleventh thoracic vertebra, and 
the reduction of this curve after the laminas were 
removed certainly, we thought, greatly improved 
the possibility of recovery. We thought the fusion 
was necessary not because of the absent lamina 
but because of the destruction of the anterior 
column of support through the vertebral bodies 
and the posterior column of support through the 
apophyseal joints. 
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Whiplash Injuries to the Neck 


Kirk V. Cammack, M.D., Ann Arbor, Michigan 


From the Hurley Hospital, Flint, Michigan. 


ITHIN recent years an increasing number 
of neck injuries, produced by the whip- 
lash mechanism, have been seen in our hos- 
pital. Insignificant neck strains have resulted 


In a confusing clinical picture over-shadowed 


by a psychogenic overlay and in many instances 
medico-legal considerations. The residual dis- 
ability is variable. 

In an attempt to explain the complex symp- 
tomatology of the whiplash syndrome, fifty 
consecutive cases treated in Hurley Hospital 
between 1953 to 1955 were studied. They were 
treated by twenty different physicians with 
methods ranging from no therapy to prolonged 
cervical traction. With a follow-up percent- 
age of 82 per cent it is hoped that an ade- 
quate evaluation of the best therapy can be 
determined. 

Of the patients 92 per cent were involved in 
automobile accidents in which their car had 
been struck from behind. Usually they were 
stopped at an intersection. The National 
Safety Council has estimated that 15 per cent 
of all automobile accidents occur in this 
manner. [1]. 


MECHANICS OF THE INJURY 


Figure 1A represents a normal sitting posi- 
tion in the automobile. The collision from 
behind thrusts the head into a position of acute 
extension. (Fig. 1B.) The black shading in- 
dicates the concomitant concussion of the 
brain produced by the acceleration-deceleration 
mechanism. Over-compensation by the neck 
musculature in combination with the sudden 
deceleration results in acute hyperflexion of 
the neck. (Fig. 1C.) It is this part of the 
mechanism, the acute hyperflexion, that pro- 
duces the greatest damage. There may be more 
than one oscillation of the head and neck. 
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SYMPTOMATOLOGY 


Symptomatology may be divided into four 
categories: (1) cerebral concussion; (2) cervical 
radiculitis and soft tissue neck pain; (3) frac- 
ture of the cervical vertebra; and (4) psycho- 
neurotic overlay. 


CEREBRAL CONCUSSION 


Clinical evidence of cerebral concussion was 
present in 30 per cent of the patients studied in 
this series. The deceleration injury to the 
frontal and occipital areas of the brain, accom- 
panied by the torsion of the brain stem, pro- 
duces the concussion. The symptoms range 
from mental confusion or headache to loss of 
consciousness. Persistent symptoms consisting 
of headache, vertigo and inability to concen- 
trate, occurred in 20 per cent of the cases. 
Disability was considered to be chronic if the 
symptoms lasted longer than one month. 
Symptoms may still be present after two years. 


CERVICAL RADICULITIS 


Symptoms of cervical radiculitis and soft 
tissue neck pain occurred in 48 per cent of the 
patients. There were associated fractures in 
only 29 per cent of these patients. Any residual 
pain after one month was considered significant 
and occurred in 36 per cent of the cases. These 
patients have considerable pain in the posterior 
cervical region with radiation to the occipital 
region, shoulders, arms and sometimes into 
the jaw. There is an occasional fleeting abnor- 
mality in the reflexes and sensation in the 
upper extremities. Persistent soft tissue com- 
plaints and radiculitis are explained on the 
basis of edema and hemorrhage which occurs 
with avulsion of the ligaments and musculature 
of the neck. Subsequent organization of this 
tissue results in pressure in and about the 
foramina with nerve root compression. 
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Fic. 1. Mechanism of whiplash injuries. 


Microscopic studies of the cervical ligaments 
stained with the Verhoeff elastic stain to deter- 
mine their relative elasticity, reveals that the 
ligamentum flavum, the atlanto-occipital liga- 
ments and the ligamentum nuchae, are very 
elastic. The supraspinatous and intraspinatous 
ligaments are somewhat elastic. The anterior 
ligaments are inelastic. It is the latter then 


which are most likely to tear and produce the - 


pain [2]. 

These patients experience pain on slight 
motion of the neck and subsequently splint 
their neck with resultant loss of the normal 
cervical arch. Occipital pain may be related to 
either compression of the greater occipital 
nerve or may result from avulsion of the inser- 
tion of the musculature and ligaments on or 
near the occipital ridge. 


COMPRESSION FRACTURES 


Eleven compression fractures occurred in 
this series of fifty, nine of which showed frac- 
tures of either the fifth or the sixth cervical 
vertebra. There were no fractures of the cervical 
spinous processes, the so-called Clayshovelers’ 
fracture. In order to produce this type of in- 
jury, a combination of torsion and whiplash 
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stresses would be necessary. To explain the 
marked predominance of compression fractures 
of the fifth and sixth cervical vertebra, a num- 
ber of normal necks were x-rayed and studied in 
positions of hyperflexion and extension. The 
first and second thoracic vertebra were con- 
sidered to be relatively immobile and were used 
as a constant point in measuring degree of 
movement of each of the cervical vertebra in 
severe flexion and extension. Figure 2 shows a 
normal cervical arch. Figure 3 shows the head 
in hyperextension. Note that the majority of 
the movement of the cervical spine takes place 
above the fifth cervical vertebra. This is also 
seen with the head in hyperflexion. (Fig. 4.) 
The fourth cervical vertebra moved a total 
of 80 degrees from extension to hyperflexion. 
The fifth cervical vertebra moved a total of 
55 degrees while the sixth cervical vertebra 
moved only 22 degrees. The maximum com- 
pressing force takes place above the fifth 
cervical vertebra, explaining the predominance 
of compression fractures in this area. This also. 
explains why the cervical radiculitis is usually 
referable to the lower cervical dermatomes. 
From extreme extension to hyperflexion, the 
occipital area moves thru a 150 degree arc. 
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Whiplash Injuries to Neck 


Fic. 2. The normal cervical arch. 


Since the majority of the cervical ligaments and 
musculature insert in this area, it is the most 
common area of avulsion and soft tissue 
trauma. Since the completion of this paper, a 
patient suffering from a whiplash injury has 
shown an avulsed segment of bone from the 
occipital area. 


PSYCHONEUROTIC OVERLAY 


In 20 per cent of the cases studied, psycho- 
neurotic tendencies lasted one month or longer. 
Symptoms were similar to the post concussion 
syndrome. Whether or not actual organic 
damage is done to the neurons of the frontal 
lobe in the deceleration, associated with the 
hyperextension, is hard to prove. The patients 
who were not properly immobilized and in- 
formed of the nature of their injury, had con- 
siderable residual complaints. 


MANAGEMENT 


Of the patients who had symptoms lasting 
longer than one month 30 per cent were either 
not hospitalized or were treated in a cursory 
manner. These represent patients with minimal 
initial symptoms in which chronic residual 
complaints might have been avoided by ade- 
quate management. Adequate management 
consists of the following: 

1. Bedrest, preferably in the hospital with 
head halter traction for the more severe cases. 


Fic. 3. The cervical arch with the head in hyperexten- 
sion. The majority of movement takes place above the 
fifth cervical vertebra. 


Fic. 4. The cervical arch with the head in hyperflexion. 
The maximum compressing force takes place above the 
fifth cervical vertebra. 


The duration of traction must be individu- 
alized. The possibility that hanging the pa- 
tient’s head over the foot of the bed might 
result in a more physiologic restoration of the 
cervical angle, is under consideration. 
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2. Reassurance and explanation of the injury 
is important. Individualized sedation and anal- 
gesics is indicated. 

3. Progressive ambulation with or without 
support to the neck is needed. Forrester or 
Thomas collars should be removed early to 
prevent atrophy of the neck musculature. 
Physical therapy consisting of heat, passive 
exercises with vertical intermittent cervical 
traction is helpful in persistent cases. Im- 
mobilization of the fractured vertebra with 
the Minerva jacket or Forrester brace is of 
course indicated. 

4. In these relatively recent cases, surgery 
has not been performed. However, in several 
cases which occurred prior to this study, sur- 
gery was performed. It consisted of cervical 
laminectomy and decompression or a posterior 
rhizotomy for greater occipital neuralgia. Un- 
doubtedly some of the more severe cases in 
this series will come to surgery. No herniated 
cervical discs have been diagnosed in this series. 


SUMMARY 


This paper represents an attempt to explain 
the complex symptomatology resulting from 
the so-called whiplash injury. Previous articles 
have stated that the hyperflexion occurs before 
the hyperextension. A different sequence of the 
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mechanics of the injury is postulated with the 
hyperextension believed to occur first with a 
resultant over-correction and then the damag- 
ing hyperflexion. 
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Non-penetrating Wounds of the 
Abdomen in Children 


Bert L. Hatter, M.D., San Francisco, California, AND RicHARD S. Gross, M.D., 
Sacramento, California 


From the Stanford Surgical Service of the San Francisco 
Hospital, Department of Public Health, San Francisco, 
California. 


ie the past few years there have been, in in- 
creasing number, many excellent articles 
on blunt trauma to the abdomen. Many of 
these have been presented to, or by, members 
of this Association. Few articles have appeared 
in surgical journals which solely or even mainly 
discuss this problem in children. In such cases, 
there are some facets which are most important 
and which may well be overlooked by those who 
are experienced in dealing mainly with trauma 
sustained by adults. Our recent, almost tragic, 
experience with a child stimulated our interest 
in this subject. 

A survey has been made of the records of the 
San Francisco Hospital on both the Stanford 
University and the University of California 
services since 1942, and of the Children’s Hos- 
pital of the East Bay, Oakland, California, 
since 1946. We have selected only children 
through the age of twelve. A total of forty-five 
cases has been found, thirty-four from the 
San Francisco Hospital and eleven from the 
Children’s Hospital of the East Bay. (Table 1.) 

Included in these collected cases are eighteen 
patients who were diagnosed as having con- 
tused kidneys. This diagnosis was made pri- 
marily on the finding of hematuria associated 
with a history of trauma. There were seven 
cases of gross hematuria and eleven of micro- 
scopic hematuria. Regarding the mechanism of 
trauma, nine of the children were struck by 
moving vehicles, eight had fallen from a height 
and one was struck by another person. Of these 
patients, eleven had other associated injuries, 
as follows: compound depressed frontal skull 
fracture, one; concussion of the brain, six; con- 
tusion of the head, one; fracture of the pelvis, 
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two; fracture of the ribs, three; and pneumo- 
thorax, one. 

Intravenous pyelograms were taken in all 
but five cases and the following findings were 
recorded: hydronephrosis from aberrant ves- 
sels (subsequent surgery confirmed diagnosis of 
contused kidney), one; slight hydronephrosis 
of upper pole and obliteration of psoas shadow, 
one; delayed function and poor visualization of 
one kidney, three; and pyelograms revealing 
no abnormality, eight. 

Of the other twenty-seven cases, the ab- 
dominal injuries were more severe. These were: 
ruptured bladder, one; ruptured spleen, ten; 
ruptured spleen and contused kidney, two; rup- 
tured spleen and kidney, one; ruptured spleen 
and lacerated liver, one; lacerated liver, one; 
ruptured spleen and contused pancreas, one; 
ruptured kidney, two; subcapsular hemorrhage 
of kidney, one; subcapsular laceration of kid- 
ney, one; duodenal injury, two; injury to small 
bowel, two; injury to large bowel, one; con- 
tused liver, one. 

In all cases but the last the diagnosis was 
confirmed at surgery. Multiple injuries were 
present in ten cases, as follows: injuries to the 
head, four; fractured forearm, three; fractured 
humerus, one; fractured pelvis, femur, tibia, 
fibula and hip, one; fractured femur, one; frac- 
tured clavicle and ribs, one; fractured femur 
and both tibias, one. 

The source of injury in these twenty-seven 
cases was: moving vehicle, ten; fall from height, 
seven; fall against stationary object, seven; 
blow from another person, one; undetermined, 
one; and history of trauma denied, one. 

Sudden acceleration or deceleration in the 
presence of partial fixation of internal organs 
by peritoneal folds and vascular attachments 
enhances a shearing action which represents a 
major force for such wounds. In other cases it 
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Non-penetrating Wounds of Abdomen in Children 


would appear that sudden compression with 
expansion of gas-filled viscus is an etiologic 
factor, as in the underwater blast injuries 
occurring during the war. This, with the unex- 
pectedness of the injury and the relaxed ab- 
dominal wall, allows more force to act upon the 
viscera than would a splinted and guarded 
abdomen; hence minor trauma can produce a 
more serious injury. 

We would like to present three cases which 
illustrate rather markedly various problems as 
they apply particularly to children. 


CASE REPORTS 


Case 16. This two and a half year old boy was 
first seen in the emergency department of the San 
Francisco Hospital on November 12, 1954. He was 
moribund. A cut-down was done and a polyeth- 
ylene catheter inserted into a saphenous vein. He 
was pale, would not react and had questionable 
petechiae and hemorrhagic spots scattered over the 
body. He was examined cursorily by a consultant 
pediatrician and the resident surgeon as well as the 
emergency staff, and was immediately admitted 
after a blood culture was taken and gantrisin,® 
2.0 gm. intramuscularly, was given. Flat plate 
films of the abdomen and chest were taken on the 
way to the ward. Findings on these were not re- 
markable. History revealed he had had a decreased 
appetite for the past month but had had no weight 
loss. On the afternoon two days prior to admission 
he had become irritable with other children and 
had not wanted to be bothered by them. Later that 
day he had vomited some brown material. He had 
had only milk for supper, which he had vomited 
shortly afterward. He had had a restless night 
associated with some coughing, but no fever was 
noted by the parents. On the day of admission he 
had vomited ten to fourteen times even though he 
had had nothing by mouth. He moved slowly and 
was lethargic. He would not walk but merely 
whimpered when he was disturbed. His parents 
stated that he had had normal bowel movements 
but had appeared paler since the onset of his 
illness. They had noted some bleeding from his 
gingiva the day of entry which they had never seen 
before, and stated that he had always bruised 
easily. There was no history of ingestion or trauma. 
The past history was not remarkable. 

On examination the patient was a well developed, 
very pale, listless, blond-haired boy who appeared 
acutely ill. His temperature was 99.4°F., pulse 140 
and blood pressure 90/60. On the skin there were 
petechiae with a brownish tinge predominantly 
about the neck, ear and forehead. There were some 
0.5 cm. old ecchymoses on the upper lip and right 
upper quadrant of the abdomen. Examination of 
the eyes, ears, nose and throat was not significant. 
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There were several shotty, posterior, cervical, non- 
tender lymph nodes. Chest roentgenogram revealed 
no abnormalities. The abdomen had no scars; 
there was no distention but no peristalsis. The 
abdomen was soft with some questionable spasm on 
the left side; however, marked guarding developed 
as the patient improved with hydration. The rec- 
tum was slightly tender generally. 

Laboratory data were as follows: hemoglobin, 
8.5 gm. per cent; white blood cell count, 18,000; 
polymorphonuclear leukocytes, 83 per cent, of 
which 41 per cent were segmented forms and 42 per 
cent were non-segmented forms; eosinophils o, 
lymphocytes 10 per cent and monocytes 7 per cent. 

The bleeding time was 31% minutes, normal. 
Platelets were normal. The urinalysis was normal 
except acetone 1+. Centrifuged sediment: red 
blood cells 1 to 18 per high power field; white 
blood cells 3 to 5 per high power field. 

Six hours. after admission, although the patient’s 
general condition was better, it appeared that his 
abdomen was becoming more tender, with some 
rebound tenderness in both lower quadrants. A 
Levin tube was inserted into the stomach and 
500 cc. of whole blood were administered. Eight 
and a half hours after admission he was scheduled 
for surgery. At this time a history of exposure to an 
insecticide spray was elicited and investigation 
revealed it was chlordane. Surgery was then 
performed. 

A left paramedian incision was made and on 
opening the peritoneum 1,300 cc. of dark, venous- 
appearing blood were encountered. Exploration 
revealed a 2 mm. laceration in the superior mesen- 
teric vein from which a branch had been avulsed. 
This was actively bleeding. The defect was sutured 
with arterial silk. It was also noted that the duo- 
denum was almost completely transected at the 
ligament of Treitz and that the third portion of the 
duodenum had been completely avulsed from its 
retroperitoneal position. The duodenum was 
divided at the level of partial transection and 
6 cm. of distal contused jejunum with 4 cm. of 
proximal avulsed duodenum were resected, with 
an end-to-end anastomosis. 

The patient was returned to the recovery room 
in poor condition and received his second unit of 
blood. Phlebitis developed from the cut-down on 
the third postoperative day and the patient was 
discharged on the tenth postoperative day. 


Case 27. This ten year old boy entered the 
Children’s Hospital of the East Bay complaining 
of a dull, constant periumbilical pain associated 
with anorexia, nausea and some vomiting for the 
previous four days. He had had no bowel move- 
ments during this time. Past history revealed that 
he had been in a car accident in South Carolina nine 
and a half weeks before, and had sustained a 
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cerebral concussion, fracture of both tibias and 
fractured right femur, as well as foreign body in 
the rectum and hematuria. 

On physical examination the boy was in a hip 
spica and long-leg cast. His temperature was 
100°F., pulse 80, respirations 28 and blood pressure 
120/80. There was guarding and tenderness to 
pressure at McBurney’s point under his cast. 
Peristalsis was normal. Rectal examination showed 
questionable tenderness. 

Laboratory data were as follows: hemoglobin, 
10.6 gm. per cent; white blood cell count, 16,000. 
Urinalysis was essentially negative. 

With a preoperative diagnosis of acute appendi- 
citis the boy was taken to surgery and explored 
through a right lower quadrant incision. Some clear, 
free peritoneal fluid was present. The appendix 
was not inflamed. Fifteen inches proximal to the 
ileocecal valve there was a rent in the ileal wall 
1.5 cm. long with a 1 mm. bulging blister but without 
evidence of perforation. There was adjacent evi- 
dence of subserosal hemorrhage. Two and a half 
inches away there was an area of contused bowel. 
The laceration was sutured and appendectomy 
was performed. There was moderate postoperative 
distention for two days. He was afebrile on the 
seventh postoperative day but his temperature 
spiked again on the thirteenth postoperative day, 
which was thought to be caused by infection of the 
urinary tract. He was discharged on the nineteenth 
postoperative day, having been kept in the hos- 
pital for physiotherapy for the last ten days. 


CasE 23. This twenty-three month old boy 
had been hit by a truck two days prior to transfer 
to the Children’s Hospital of the East Bay. He 
had been taken to the Hayward Hospital after the 
injury with a fracture of the distal end of the 
humerus involving the epiphysis and a greenstick 
fracture of the distal radius. A long-arm cast. was 
applied. The next day he had undergone surgery 
and massive intraperitoneal bleeding had been 
found. Three lacerations of the liver had been 
sutured and a contused kidney noted. He had 
received blood and plasma during his stay, the 
amounts of which are not known to us. 

He was transferred to this hospital on the first 
postoperative day by ambulance in an oxygen tent. 
It was noted that he was in congestive failure. His 
temperature was 102.6°F., pulse 140, respirations 
88 and blood pressure 108/76. At phlebotomy 
40 cc. of blood were removed. Cedilanid 0.2 mg. 
intravenously, ACTH 25 mg. and berocca C 
1 ampul, were given and he was placed in oxygen 
with mistogen. The next day the cedilanid was 
repeated. He appeared much improved and his 
abdomen was softer. His respirations and pulse 
were returned to normal physiologic levels by the 
third postoperative day but thrombophlebitis of 
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the left leg developed from a polyethylene catheter. 
Following this there was gradual steady, slow 
improvement until he was discharged seventeen 
days following his admission to this hospital. 


COMMENTS 


These three cases illustrate problems in the 
care of non-penetrating wounds of the abdo- 
men. In children particularly, the history may 
be unreliable either from fear or inability to 
communicate. Their reactions to hovering 
parents, injuries and physical examination, 
varying from stoic to hysterical, present more 
confusion in evaluation than the adult. One 


‘can also see there is no consistency in the 


history, the resulting pathology and the pa- 
tient’s course. One has seen many children with 
similar histories of trauma who were without 
serious sequelae. Because of these factors it is 
extremely necessary to establish a base line, 
to follow up the patients with frequent ex- 
aminations and to have untiring patience. 
Since children have more labile cardiovascular 
systems and a smaller circulating blood vol- 
ume, there should be careful evaluation of blood 
and fluid replacement therapy so that over- 
loading does not occur. 

Peritoneal tap as an adjunctive diagnostic 
procedure was used in only one case (Case 17). 
This was used after it had been decided that 
the patient had a falling hemoglobin. Had this 
tap been done earlier, treatment might have 
been instituted sooner. Had the earlier peri- 
toneocentesis been without results, the same 
course of observation would have been carried 
out to the same conclusion. 

It was not necessary to perform trache- 
ostomies on any of these patients, but we would 
not hesitate. This procedure should be per- 
formed at the time it is considered. Its useful- 
ness and benefits have been clearly demon- 
strated in the occasional cases of severe injury 
to the head in which it has been used. We 
employ gastric suction on all children under- 
going emergency surgery. Drainage of lacera- 
tions of the liver has not been carried out by 
us, but from personal experience with other 
patients not in this series we believe that 
everything is to be gained and nothing lost 
by this procedure. 

It is fortunate that all of the patients in this 
series recovered. Certainly blood, adequate 
anesthesia and antibiotics contributed their — 
part. We believe that early recognition by 
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-Non-penetrating Wounds of Abdomen in Children 


repeated careful examination will provide the 
most gratifying results. However, time lost 
because of adequate preparation prior to 
surgery is more important and less dangerous, 
as our cases demonstrate, than the saving of 
minutes or even hours with the hurried, in- 
complete preparation of the patient. 


SUMMARY 


1. Forty-five cases of non-penetrating in- 
juries to the abdomen in children through the 
age of twelve have been reviewed. There were 
no mortalities. 

2. It is hoped that by presentation of these 
cases more consideration will be given to the 
special problems of non-penetrating trauma 
as they apply to children. In our experience 
these are: (a) minimal or no history of trauma; 
(b) masking of serious abdominal pathologic 
conditions by more obvious multiple injuries; 
(c) establishing a workable base line followed 


by close and repeated examination by which 
any appreciable change will be noted in subse- 
quent examination; (d) careful control of fluid 
replacement therapy. 
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HE rotary blade power lawn mower was 
introduced during World War 11 because 
of the shortage of steel required for the reel 
type mower. These new mowers have proved 
to be efficient and in many respects superior 
to the more conventional type. Besides mowing 
lawns, the rotary mower can be operated on 
more uneven terrain and will cut weeds and 
heavy growth of grass that would cause other 
mowing machines to stall. With the ever 
increasing sales of these mowers (total over 
10 million units), there has been a propor- 
tionate increase in injuries attributed to them. 
Since the cutting bars rotate at 2,400 to 3,600 
revolutions per minute, any part of the body 
coming into contact with the whirling blade is 
doomed to mutilation. The majority of the 
injuries have involved fingers and toes, but 
fatal accidents have been reported. 

Nature of Injuries. Most injuries produced 
by rotary mower blades have resulted from the 
introduction of the foot or the hand into the 
cutting area. Shoe leather offers no protection 
against the force of the rotating blade, as this 
force is estimated to be in excess of 10,000 
pounds per square inch. Since the bar revolves 
so rapidly, it is practically impossible to remove 
a foot or hand from the cutting zone until it 
has been struck by the edge of the blade several 
times. This results in shreading of the tissues, 
avulsion or amputation. In either event, loss 
of viability of the involved tissue is instant. 
Surgical repair is therefore relegated to the role 
of completing the amputation or avulsion and 
closure of the defects by skin grafts or other 
means. 

The most common injury occurring with the 
rotary mower involves the toes. (Fig. 1.) This 
usually happens when one of these machines is 
being operated on an incline and the machine 
is pulled up over the shoe top or the foot slips 
into the cutting area, producing a shearing 
injury to the dorsal aspect of the toes. Often the 
toes will be split well into the phalanges in a 
mid-lateral plane, with avulsion of the extensor 
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tendon insertions. Injuries of this type may 
result in loss of a part of the metatarsals as 
well. 

The second most common injury incurred 
with a rotary mower is amputation of the 
fingertips. This occurs when the operator tries 
to pull from the machine grass or other material 
which has engaged the blade so that it will not 
rotate. If the motor is still running, the blade 
will turn rapidly and engage the hand when the 
grass or other object is removed. 

Occasionally a rotary blade will produce a 
simple laceration in which injuries to tendons, 
nerves, blood vessels and bones may be sus- 
tained. These injuries may lend themselves to 
reparative surgery. More rarely, a piece of 
broken blade [1], loose metal or a stone is 
hurled out of the discharge chute with tre- 
mendous force. The speed these objects can 
attain may be in excess of 300 feet per second. 
This will equal the speed of many shell frag- 
ments and approaches the speed of a bullet. 
(Fig. 2.) Immediate accidental death from such 
missiles has been reported on several occasions. 

Potentially, the most dangerous of these 
appliances is the self-propelled rotary mower. 
If this machine escapes the operator or becomes. 
engaged in a piece of wire or rope or otherwise 
overturns, it presents a whirling blade with 
tremendous potential for inflicting injuries 
Electric mowers present not only the dangers 
encumbent upon all rotary mowers but also the 
additional hazards of electrical shock or burns. 

Incidence. In a recent hasty survey in 
Pittsburgh, nineteen hospital emergency rooms 
within Allegheny County were contacted. A 
total of eighty-nine rotary mower injuries were 
found. All of these injuries occurred between 
May 1, 1956 and September 1, 1956. This 
method of collection is admittedly incomplete 
since ‘patients treated in doctor’s offices or 
private patients entering the hospital directly 
are not included. In addition, the mechanism 
of injury is not always recorded in accident 
room records. 
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Fic. 1 
Fic. 2. 


Among the eighty-nine injuries, eighteen 
were in persons under twenty-one years of age. 
Seventy-nine males were injured in comparison 
with ten females. The toes and feet were in- 
volved in forty-eight, and the fingers and 
hands in thirty-six. Five patients suffered leg 
injuries. In the last group three injuries were 
caused by a projectile piece of broken blade 
and one by a hurled stone. In the remaining 
case a self-propelled rotary motor overturned 
and produced a compound fracture of the tibia. 
In the total group of eighty-nine injuries, nine 
were considered to be of a serious nature. 

It is of interest to note that of the ten females 
injured, seven or 70 per cent sustained injuries 
to the fingers and hands while only 37 per cent 
of males were so injured. Similarly, of the 
eighteen patients under twenty-one years of 
age, the upper extremity was involved in ten 
or 56 per cent. Only 37 per cent of the adults 
suffered hand injuries. This indicates a greater 
degree of carelessness or lack of appreciation 


of the dangers involved among females and 
younger persons in this series. 

As might be expected, the peripheral hos- 
pitals near suburban districts reported sixty- 
eight cases or 70 per cent of the injuries; how- 
ever, their bed capacity comprised only 19 per 
cent of the total capacity of all the hospitals 
contacted. 


SUMMARY 


This investigation of the dangers of the 
rotary mower reveals that injuries are common 
due to inadequate safety features, lack of 
understanding of the hazards involved, and 
carelessness. The injuries appear to follow 
definite patterns from the standpoint of 
anatomic location, type. and severity. Eighty- 
nine rotary mower injuries are reviewed. 
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The Treatment of Dog Dives and the Rabies 
Problem 


J. A. Forp, M.p., Owosso, Michigan 


From the Department of Surgery, St. Josepb’s Mercy Mercy Hospital, Ann Arbor, Michigan, a total 
Hospital, Ann Arbor, Michigan. of 29,974 emergencies were treated in the Out- 
VERY year 400,000 persons in the United patient Clinic. Of these, 553 (1.84 per cent) 
States are bitten by dogs, and of these, were due to all forms of bites, and 498 (1.64 per 
40,000 must take Pasteur treatment. Approxi- cent) were due to dog bites (one of every sixty 

mately forty humans, 12,000 dogs and 1,000 __ persons treated). 
Rabies is a disease caused by an ultramicro- 


Ferg DB. SEASONAL INCIDENCE scopic filterable virus, essentially neurotropic 
} in character and transmitted to man through 


20 the saliva of a rabid animal. The disease is 

a8 propagated by all warm-blooded animals, but 

on + dogs are the responsible vector in 95 per cent of 

penta all human rabies |2,3]. It occurs in all countries, 

onan climates and seasons but the majority of cases 
oe appear in late winter, spring or summer and 

360 6 coincide with the increased number of bites 

20 4 from wandering animals. In our own series, 


JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC the majority of bites occurred during the month 

Fic. 1. Increased incidence of dog bites in the spring of July; of 7a COIs treated, eighteen 

and summer months is shown. Note that in July, dog were dog bites (an incidence of 219 per cent). 
bites accounted for 2.5 per cent of all emergencies. (Fig. 1.) 7 

The incubation period of the disease varies 

head of cattle die annually from rabies. In from four to eight weeks, but in severely 

terms of expense, these figures represent a | exposed persons may be considerably less than 

$1,000,000 loss in domestic animals, and thirty days. Following a short prodromal 

$5,000,000 in medical and public health care[r].___ period, the signs and symptoms of central 


S Pasteur treatment is certainly not indicated nervous system irritation appear. In 80 per 
in every case of dog bite. There are many in- cent of the cases, the patient complains of 

5 stances, however, in which the rabid statusofa _ local irritation at the site of the innoculation 
s biting dog is unknown. The physician who with an intermittent burning pain radiating 


treats these cases must decide whether the risk _—_ to that area. In addition, there may be gener- 
of rabies developing in a patient without treat- —_ alized hyperesthesia of the skin to even minimal 
ment is greater than the possibility of a serious, stimuli and the patient objects to loud noises 
if not fatal, postvaccinal reaction developing. and bright lights. Secondary to sympathetic 


This decision is not made easier by the presence stimulation, the pupils become dilated and 
of an anxious patient or parent. This apparent _ there is increased perspiration, lacrimation and 
dilemma stimulated the author to review the _ salivation. 
literature as well as our own records in an As the disease progresses motor involvement 
i, attempt to summarize briefly the present con- becomes apparent, as evidenced by increased 
ee cepts in the treatment of dog bites. muscle tone, spasm and convulsions. The 
During the years 1950 to 1954 at St. Joseph’s typical symptom of hydrophobia is spasm 
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Dog Bites and the Rabies Problem 


of the muscles of deglutition to the point where 
the patient refuses to swallow even his own 
saliva. Terminally, there is hyperpyrexia and 
Cheyne-Stokes respiration. Death usually en- 
sues within three to four days after the onset 
of symptoms. At autopsy the diagnosis depends 
on the identification of Negri inclusion bodies. 
In the absence of these, animal innoculation 
must be done for confirmation [3]. 

There is no cure for rabies. No cases of 
human survival have been reported. All 
efforts, therefore, are directed toward pre- 
venting the disease. This may be accomplished 
in two ways: (1) the elimination of the disease 
in animals and (2) the prophylactic treatment 
of humans following exposure. 

For practical purposes, the irradication of 
the disease in all animals is impossible. For 
example, there have been recent reports of 
humans being attacked by rabid insectivorous 
bats [4]. The disease can be eliminated in dogs, 
the principal vector for man. This will be 
accomplished only by sound local and national 
programs based on the following points: (1) 
mass immunization of dogs (it has been proved 
that rabies does not maintain itself in a com- 
munity in which 70 per cent of all dogs are 
immunized [5]); (2) the elimination of strays; 
(3) energetic publicity campaigns; (4) the 
establishment of adequate laboratory facilities; 
and (4) centralized control of a program com- 
bined with authority to enforce regulations. 

The prophylactic treatment in humans con- 
sists of the care of the local wound and the use 
of the rabies vaccine and hyperimmune serum. 
The rabies virus can be killed or altered by 
some physical and chemical agents. Experi- 
ments have shown that the incubation period 
of the disease is shortened by increasing con- 
centrations of the virus innoculated [3]. 
Caustic solutions, although effective in elimi- 
nating the virus locally, produce pain, scarring 
and contractures. Secondary infection may 
follow tissue destruction. In 1943 Shaughnessy 
and Zickis [6] compared the protective effec- 
tiveness of fuming nitric acid and a 20 per cent 
soap solution at varying intervals in the treat- 
ment of wounds artificially innoculated with 
active virus under simulated natural conditions. 
(Table 1.) Eighty-five per cent of animals 
whose wounds were cleansed with soap solu- 
tions within two hours survived, compared to 
80 per cent of those treated with fuming nitric 
acid and 27 per cent of the untreated controls. 


Recent experiments indicate that a 1 per cent 
zephiran® solution is even more effective [7]. 
From the results of the aforementioned experi- 
ments, it appears that the rabies virus remains 
localized to the wound for a period of time. 
Logically then, treatment should be directed 


TABLE | 
AGENTS USED IN TREATMENT OF WOUNDS 
Time | Fuming Nitric Acid! Soap Control 
(hr.) (%)* (%)* (%)* 
0.5 89.2 93.8 36.9 
2 81 85 27.5 
6 63 66 35 


*The percentages are recorded in terms of sur- 


' vivals (see text). Table modified from SHAUGHNESSY, 


H. J. and Zicuis, J. [6]. 


at removing as much of the virus as possible 
from the wound in the shortest period of time. 
It is the author’s recommendation that all 
wounds caused by rabid or suspiciously rabid 
animals be excised when feasible, and then 
thoroughly cleansed with soap solution or 1 per 
cent zephiran for fifteen to twenty minutes. 
This applies particularly to deep puncture 
wounds which would otherwise be inaccessible 
to thorough cleansing. Following this, plastic 
closure is performed. Due to the nature of the 
wound, tetanus antitoxin should be given and 
antibiotics administered as indicated. No- 
where does the term “‘Golden Period” of wound 
treatment apply more aptly than in the treat- 
ment of dog bites. The decisive factors in 
determining who should receive rabies vaccine 
are: (1) The nature of the exposure. True 
exposure consists only of contact of saliva with 
broken skin and mucous membrane. (2) The 
prevalence of the disease in animals in a 
particular community. (3) The severity of the 
exposure which varies with the location, depth 
and multiplicity of the wounds. The short 
incubation periods associated with bites on the 
head, neck and upper extremity are not due to 
the proximity of these areas and the central 
nervous system, as previously believed, but to 
involvement of the more diffuse sensory inner- 
vation characteristic of these regions [3]. At 
St. Joseph’s Mercy Hospital, 25 per cent of all 
bites and 50 per cent of the more severe bites 
were confined to the head and neck. A review of 
the literature revealed that of all the cases of 
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human rabies due to dog bite, 60 per cent were 
due to bites on the head and neck. Of the 
remainder, 30 per cent were on other uncovered 
areas of the body and 10 per cent on clothing 
protected areas [8]. (Fig. 2.) (4) Disposition 
of the animal at the time of the bite and in the 


LOCATION | SEVERE BITES FATALITY 
(St. Jos.) RATE 


U.E. 32.2% 33.7 % 30. % Uncovered 


T. 3.5% 0. % 10. % Covered 


LE. 39.3% | 15.6% 


Fic. 2. Body distribution of dog bites studied in our 
series is illustrated in the left and middle columns. Note 
that 25 per cent of all bites and 50 per cent of the more 


severe bites were confined to the head and neck. In the : 


column on the right is shown the distribution of bites 
in cases of human rabies according to series reported 
in the literature. 


ten-day observation period. Any deviation 
from the normal in the attitude of an animal 
that bites unprovoked should be viewed with 
suspicion. For clinical purposes, Sellers [9] 
defines a rabid animal as one which is diag- 
nosed rabid by laboratory, is clinically rabid by 
veterinarian diagnosis, is unlocated after bit- 
ing, and bites unprovoked and is killed before 
a diagnosis can be made. 

The vaccine in use today is a modified 
Semple vaccine prepared from rabbit brain 
innoculated with a phenol-inactivated virus. 
The incidence of neuroparalytic complications 
following the use of the vaccine varies from 
1 to 600 to 1 in 7,000 depending on the series 
reported [10-14]. These reactions appear to 
be due to sensitivity to the brain substance 
used in preparing the vaccine rather than to 
the virus itself [15]. Approximately 90 per cent 
of the reactions appear between the seventh 
and twenty-first injection [13]. 

The more serious neurologic complications 
consist of encephalitis or Landry’s type ascend- 
ing paralysis, and account for the majority of 
fatalities. Most of the neurologic complications 
subside within two weeks without treatment. 
There have been reports on the beneficial use 
of ACTH and cortisone in aborting or shorten- 
ing the severe reactions. Pasteur treatment 
should be stopped if symptoms arise that are 
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not accounted for by any other disease process, 
and the treatment is not advised for those 
previously innoculated. If warranted, however, 
it should be limited to six injections. 

There is little doubt that Pasteur treatment 
is of value in preventing rabies following ex- 
posure to rabid animals. Greenwood [19] re- 
ports a corrected mortality of 0.4 per cent in 
persons treated, compared to a 10 to 35 per 
cent fatality rate in those untreated. However, 
its value is questionable in those persons in 
whom the disease develops after a short in- 
cubation period. In 20 per cent of all human 
rabies cases symptoms develop in less than 
thirty days, the time it takes to acquire full 
immunity following administration of the 
vaccine. 

The following is an illustrative case. 


CASE REPORT 


A four year old girl was seen at the St. Joseph’s 
Mercy Hospital in March, 1948. She had been 
bitten about the face by a dog half an hour earlier. 
The dog was killed immediately’ and proved rabid 
within the hour by the Pasteur Institute of the 
University of Michigan. 

The multiple lacerations on the face were thor- 
oughly cleansed, débrided and closed loosely. She 
was admitted for observation and Pasteur treat- 
ment was started immediately. Her twelve-day 
hospitalization was uneventful and she was dis- 
charged to continue vaccine injections as an 
outpatient. 

She was readmitted eight days later, following 
her nineteenth injection, with a twenty-four-hour 
history of headache, repeated vomiting and a 
temperature of 100°F. She was acutely ill and a 
terrified expression was noted. She was extremely 
irritable, difficult to examine and complained of 
difficulty in swallowing. Her respiratory rate rose 
to 65 per minute and there were alternating periods 
of apparent stupor and of excitation even to 
minimal stimuli. Excess salivation and increased 
difficulty in swallowing were noted. The white 
blood count was 27,000 with 80 per cent poly- 
morphonuclear cells. She was transferred to the 
Contagion Unit of the University of Michigan 
Hospital with a clinical diagnosis of rabies. On 
admission there, her temperature was 104°F., res- 
pirations 55 per minute and pulse rate 120 per 
minute. Her course was rapidly downhill and 
rectal barbiturates and anesthesia were required 
for control of convulsions. She died the next 
morning, seventy-two hours after the onset of 
symptoms and twenty days after being bitten. 
Postmortem examination and animal innoculation 
confirmed the diagnosis of rabies. 
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Dog Bites and the Rabies Problem 


TABLE II 
INDICATIONS FOR SPECIFIC POSTEXPOSURE TREATMENT OF RABIES* 


Condition of Biting Animal 


Nature of Exposure Recommended Treatment 


During Observation 


At Time of Exposure Period of Ten Days 


No lesions; indirect contact 


Nonet 
only 


Licks: 
(1) Unabraded skin 
(2) Abraded skin and abraded 


or unabraded mucosa 


Rabid 
(a) Healthy 
(b) Healthy 


Nonet 
None 
Clinical signs of rabies 


(c) 


Signs suggestive of 
rabies 


Rabid, escaped, killed 


or unknown 


or proved rabid 
Healthy 


Start vaccine at first signs of 
rabies in animal 

Start vaccine immediately; stop 
treatment if animal is normal 
on fifth day after exposuret 

Start vaccine immediately 


Bites: 
(1) Simple exposure 


(2) Severe exposure (multiple; 
or face, head, or neck 
bites) 


Healthy 
Healthy 


Signs suggestive of 
rabies 


Rabid, escaped, killed 
or unknown; or any 
bite by wolf, jackal, 
fox or other wild ani- 
mal 


Healthy 
Healthy 


Signs 
rabies 


suggestive of 


Rabid, escaped, killed 
or unknown; any bite 
by wild animal 


Clinical signs of rabies 
or proved rabid 
Healthy 


Healthy 


Clinical signs of rabies 
or proved rabid 


Healthy 


None 

Start vaccine at first signs of 
rabies in animal 

Start vaccine immediately; stop 
treatment if animal is normal 
on fifth day after exposuret 

Start vaccine immediately 


Hyperimmune serum ‘imme- 
diately; no vaccine as long as 
animal remains normal 

Hyperimmune serum imme- 
diately; start vaccine at first 
sign of rabies 

Hyperimmune serum imme- 
diately, followed by vaccine; 
vaccine may be stopped if 
animal is normal on fifth day 
after exposure 

Hyperimmune serum imme- 
diately, followed by vaccine 


Norte: To be effective, hyperimmune serum must be given within seventy-two hours of exposure. 
* From World Health Organization Technical Report Series, No. 82, 1954. 
+ Start vaccine immediately in young children and in patients in whom a reliable history cannot be obtained. 
t An alternative treatment would be to give hyperimmune serum and not start vaccine as long as the animal 


remained normal. 


Passive immunization with rabies hyper- 
immune serum appears to have filled this 
vital gap in the treatment of severely exposed 
persons. The serum provides immunity up to 
forty-two days and has been commercially 
available for the past two years [20]. There 


were no deaths in 


one series of 200 patients, 


65 per cent of whom were bitten by known 
rabid animals and who received both serum and 
vaccine [21]. There have been favorable re- 
ports of the use of the serum in conjunction 
with the vaccine in Iran, where the attack rate 
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from rabid wolves has been high [22]. The 
dosage schedule is 4 cc. of the serum per kilo- 
gram, administered intramuscularly and locally 
in and around the wound. To be effective, the 
serum should be administered within the first 
twenty-four hours and certainly not later than 
seventy-two hours [24,25]. The incidence of 
serum sickness is approximately 5 to 8 per cent, 
and the usual precautions for testing the sensi- 
tivity of an individual to the horse serum should 
be followed [22]. 

Newer vaccines (e.g., Fleury) free of brain 
tissue and containing live virus, attenuated by 
repeated chicken egg passages, have been 
developed and used extensively in dogs. Pro- 
tective immunity against rabies has been con- 
ferred for at least three years and probably for 
life [26]. They have been used experimentally 
on non-exposed humans without harmful 
effects. As of this writing, however, these new 
vaccines, in dosages safe to man, do not have 
antigenic properties comparable to the phenol- 
ized vaccines now in use. They may be of 
value as a booster dose for those previously 
immunized with the phenolized vaccine and in 
whom revaccination with this vaccine would 
be dangerous. Another possible use might be 
in the pre-exposure prophylaxis of individuals 
in high risk occupations (e.g., veterinarians, 
mailmen and dogcatchers) in whom satisfac- 
tory: immunization could be obtained with 
small innoculum at varying intervals followed 
by booster injections at two- to three-year 
intervals or at time of exposure. This would be 
similar to the tetanus prophylaxis now being 
carried out with tetanus toxoid [27]. 

Table 11 outlines briefly the indications as 
suggested by the Second World Health Com- 
mittee on Rabies [28] for the use of rabies vac- 
cine and hyperimmune serum under varrying 
exposure conditions. 

In summary, we believe that all individuals 
exposed to rabid or suspiciously rabid animals 
should receive rabies vaccine in conjunction 
with the hyperimmune serum. In addition, all 
wounds caused by such animals should be com- 
pletely excised, when compatible with sound 
surgical judgment, and thoroughly cleansed 
as described. Although rabies is an infrequent 
disease, it is uniformly fatal. Great strides have 
been made in the laboratory in preventing 
rabies in animals and humans, but the ultimate 
solution to the elimination of this terrible dis- 
ease lies in the close cooperation and under- 
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standing of the general public, the practicing 
physician and the Public Health Department. 
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Trauma and Neoplasm 


REPORT OF CASE OF DESMOID TUMOR FOLLOWING SIMPLE FRACTURE OF 
THE RADIUS AND ULNA 


Marsua t R. Unrist, M.p., Los Angeles, California 


From the Department of Surgery, Division of Orthopedics, 
University of California Medical Center, Los Angeles, 
California. 


HE relation of trauma to new growths is a 
of speculation and discussion in 
many different kinds of conditions in all parts 
of the body; it seems not to have been described 
in connection with fractures except perhaps 
rarely in cases of myositis ossificans or osteo- 
genesis imperfecta with hyperplastic callus. 
Almost all instances of abnormal new growth 
following trauma are regarded as“ borderline”’ 
varieties of neoplasm. 

The literature on neoplasm connected with 
trauma covering all of the organs and systems 
in the body has been analyzed in a large mono- 
graph by Behans. The late Kellogg Speed 
reviewed the literature dealing with contusions 
and other injuries to soft tissue as related to 
bone tumors [g]. The role of trauma in the 
origin of desmoid tumors has been mentioned 
by all observers in the old [7] as well as very 
recent [8] literature. To establish a cause and 
effect relationship between trauma and _ neo- 
plasm in any one case in a court of law, it is 
generally accepted that it is necessary to 
demonstrate a progressive sequence of events 
with direct and continued relationship between 
the injury and the new growth. For this reason, 
the x-ray examination showing a tumor in the 
same location as the injury, in the case of a 
fracture of a previously normal bone, would 
seem to be convincing evidence of neoplasm 
arising from trauma. The fracture healed 
promptly and the bone was restored to normal 
one year later. Two years after injury and one 
year after union was complete, the x-ray pic- 
ture of the area of the fracture showed erosion 
of the cortex of the bone and suggested a defect 
produced by extrinsic pressure. The tumor was 
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excised with bone, periosteum, ligament, fascia, 
nerve and other soft parts into which it had 
grown. Microscopically, it was found to be a 
desmoid tumor that invaded the surrounding 
parts. There was no recurrence three years 
after wide resection and five years after the 
date of the original injury. 

Desmoid tumor is defined as a special form 
of benign fibroma that is derived from aponeu- 
rotic structures, ligaments and tendons, but it 
is characteristically not encapsulated: and 
produces local invasion of muscle tissue. It is 
peculiar in that it has a false capsule or periph- 
eral cleavage plane and microscopically shows 
extension of tumor tissue beyond the grossly 
recognizable outer edges of the neoplasm. 
Desmoma, desmal tumor, desmoid fibroma,: 
fibrocytoma and perineural fibroblastoma are 
synonyms often used in the literature to 
describe this type of neoplasm. Keloids differ 
from desmoid tumors in that they are limited 
to skin and do not have an affinity for muscle. 
Fibrosarcoma differs from desmoid tumor in 
that it has a more cellular structure with 
mitotic figures, less intercellular substance and 
collagen, and frequently recurs despite the 
most radical excision [1,8]. 


CASE REPORT 


T. M., a well developed, robust, freckle-faced, 
blond-haired, eight year old boy, fell on his out- 
stretched hand and incurred a severely displaced, 
transverse fracture of the radius and ulna at the 
junction of the middle and lower thirds of the right 
forearm. The fracture was reduced promptly and 
immobilized in a long-arm cast for ten weeks with 
the elbow flexed to 90 degrees and the wrist in 
neutral position. The fracture healed uneventfully 
in almost anatomic position. The forearm was 
protected with an elastic bandage and a sling for 
an additional month after the cast was removed. 
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Fic. 1A. Photograph taken two years after fracture of 
distal end of shaft of radius and ulna. Tumor can be 
seen over distal end of ulna. 


A full range of motion was recovered in the elbow 
and wrist joints. The boy was seen for check-up 
examinations at three-month intervals during the 
first year after the injury and at six-month inter- 
vals during the second year. From the time the cast 
was removed until the end of the first year, there 
was slight fulness or diffuse swelling on the volar 
and ulnar aspect of the lower end of the right ulna. 
The swelling gradually increased and developed 
the appearance of a definite mass during a period 
of two years. As the mass increased in size, the 
mother observed that the boy complained of 
tingling sensations in the fifth finger when she 
scrubbed his hands in the bath. 

Physical examination revealed a hard, somewhat 
elastic mass on the ulnovolar aspect of the distal 
end of the right forearm. Its dimensions were 
approximately 3.5 cm. in length, 2.5 cm. in width 
and 1.0 cm. in thickness. It did not permit trans- 
illumination. It was slightly tender to palpation. 
Tinel’s sign was present. (Fig. 1.) 

On x-ray examination the volar and ulnar 
aspect of the distal end of the shaft of the ulna 
showed normal repair and hyperostosis at the 
fracture line one year after injury. A scalloped area 
of erosion of the cortex appeared in the films two 


Fic. 1B. Photograph of ulnar aspect of forearm showing 
volar protrusion of tumor. 


years after injury. The appearance suggested the 
effect of a tumor growing on the surface of the bone 
and exerting pressure from the outside. Soft tissue 
films showed a mass of non-osseous tissue not much 
greater in density than muscle and not delineated 
from the surrounding anatomic structures. (Figs. 
2 to 4.) 

Laboratory studies revealed the following data: 
red blood cell count, 4,300,000; white blood cell 
count, 6,300; hemoglobin (Sheard and Sanford) 
13.8 gm., 81 per cent; neutrophils, 70 per cent; 
stab forms, 1 per cent; lymphocytes, 21 per cent; 
monocytes, 3 per cent; eosinophils, 6 per cent; 
basophils, 0; platelets, “‘adequate”’; red blood cells, 
normal morphology. Erythrocyte sedimentation 
rate (modified Cutler), 10 mm. per hour. Urinalysis: 
color, straw; reaction pH, 6.0; albumin, negative; 
sugar, negative qualitative test; epithelial cells, 
occasional; acetone, negative. Serum cholesterol, 
279 mg. per cent; serum alkaline phosphatase 
(King and Armstrong), 9.2 mg. per cent; serum 
calcium, 10.4 mg. per cent; serum phosphorus, 
6.3 mg. per cent; sérum total protein 6.0 gm. per 
100 cc. 

The preoperative clinical diagnosis was neuro- 
fibroma, traumatic. 

Biopsy followed by excision of the tumor was 
advised after an additional six months of observa- 
tion. During this period of time, the mass increased 
slightly in size. The operation was performed two 
years and two months after the date of the frac- 
ture. The tumor was exposed through an incision 
3 inches long on the ulnovolar aspect of the right 
forearm and was found to be attached to the flexor 
carpi ulnaris tendon, the origin of the pronator 
quadratus muscle, and the periosteum of the ulna. 
The ulnar nerve passed through the middle of the 
top of the tumor and could not be dissected free 
because its sheath was adherent to tumor tissue. 
The nerve fibers themselves, however, were clearly 
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Fic. 2. A, anterior view of fracture of radius and ulna; roentgenogram taken two years prior to those shown in 
Figures 1A and 1B. B, roentgenogram of the fractures reduced and immobilized in a plaster cast. C, roentgenogram 
taken one year after injury showing fractures solidly healed and no remaining bone defects. D, erosion of bone of 
cortex of ulna; roentgenogram taken two years after injury, at the time of photographs shown in Figures 1A and 1B. 


‘Fics. 3A to E. Roentgenograms showing lateral views of same fracture shown in Figures 2A to D. Note erosion of 


cortical bone on volar aspect of distal end of forearm. 


684 


4 
2 
ot 
‘ 
Urist 
2A 2B 2C 2D 
x 
py 3A 3B 3C 3D 3E 
= 


Trauma and Neoplasm 


visible and grossly uninvaded by neoplasm. The 
tumor was glistening and a translucent mixture 
of pink and yellowish white in color. There were 
partitions of dense fibrous tissue throughout the 
mass and dividing it into lobules. Frozen sections 
suggested the diagnosis of desmoid tumor. The 
mass was excised in one block consisting of (1) the 
cortex of the volar and ulnar aspect of the distal 
end of the ulna, (2) the sheath of the flexor carpi 
ulnaris tendon, (3) the surrounding muscle tissue 
of the pronator quadratus, and (4) 2 inches of the 
length of the ulnar nerve. 

To repair and restore the continuity of the 
nerve, the incision was extended proximalward the 
entire length of the forearm to the supracondylar 
region of the humerus. The nerve was dissected 
free from all of the forearm structures and trans- 
ferred from its groove behind the medial epicondyle 
subcutaneously to a new position in the antecubital 
fossa and the volar aspect of the upper forearm. 
This made it possible to obtain good apposition of 
the cut ends and to repair the nerve. After the 
wound was closed, the entire upper extremity was 
immobilized in a dorsal splint with the elbow and 
wrist in a position of maximum flexion. Within 
four to six months the joints were gradually ex- 
tended to neutral position. A knuckle-bender 
Bunnell type functional splint was applied to the 
right hand to minimize “clawing” of the ring and 
little finger at the metacarpophalangeal joints. 
(Fig. 5.) 

Microscopically, the permanent sections of the 
tumor showed that it consisted of lobules of fibrous 
connective tissue cells with a large amount of 
intercellular substance and loosely bundled col- 
lagen fibers. The cells were spindle-shaped and 
uniform in size. Mitotic figures were scarce. There 
was no necrosis or any other kind of degenerative 
change. On the surface of the tumor, muscle fibers 
with pyknotic nuclei and loss of cross striations 
were enmeshed in the desmoid tissue. No definite 
capsule or line of demarcation, and no hemorrhage 
or inflammation was visible in the tissues sur- 
rounding the tumor. The excised segment of the 
nerve showed tumor tissue continuous with the 
outside of the sheath. There was no tumor tissue 
inside the sheath. It is conceivable but not likely 
that the neoplasm could have been separated from 
the nerve by sharp dissection without leaving 
microscopic islands of desmoid tumor cells. (Figs. 
6 and 7.) 

The final diagnosis was desmoid tumor. 

Physical examination approximately four years 
after the date of the original fracture and three 
years after operation showed slight atrophy of the 
muscles on the ulnar aspect of the hand. There was 
no swelling or deformity in the distal end of the 
ulna; deep palpation of the area of the tumor 
showed no evidence of recurrence of tumor tissue. 
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Fic. 4. Spot film roentgenogram showing detail of 
dentate outline of cortical bone structure of ulna under- 
lying area of tumor mass. 


On June 11, 1956, the author was visited by 
Mr. H. J. Seddon of London, a distinguished 
student of the subject of injuries and repair of 
peripheral nerves. Mr. Seddon consented to ex- 
amine the patient and estimated that there was 
regeneration and return of 40 per cent of the func- 
tion of the ulnar nerve. His conclusion was based 
upon the following six points: (1) absence of wast- 
ing of the muscles of the hypothenar eminence, (2) 
no appreciable thinning of the first dorsal web 
space or atrophy of the first dorsal interosseous 
muscle, (3) no loss of function of the abductor or 
adductor pollicis muscles, (4) good motor power in 
function of the interossei and lumbricales of the 
fourth and fifth fingers at the metacarpophalangeal 
joints, (5) good two-point sensory perception, (6) 
response to a brief faradic stimulation of the flexor 
digiti quinti brevis and other intrinsic muscles of 
the hand innervated by the ulnar nerve. 


COMMENTS 


The term tumor used in its broadest sense 
means a swelling or morbid enlargement. It is 
malignant if it is likely to recur, grow and 
destroy limb or life. The term neoplasm is used 
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DESMOID TUMOR 
Fic. 5A. Artist’s drawing to show location of desmoid tumor with ulnar nerve 
passing through top of it as it appeared in the surgical incision prior to its 


removal. 


Fic. 5B. Artist’s drawing to show 


desmoid tumor in cross section and its 


attachment to surface of ulna and interosseous membrane. 


in this paper to indicate new or abnormal tissue 
which persists and grows independently of 
normal structures and has no physiologic use. 
Callus is an abnormal growth but it has a 
physiologic purpose; a desmoid tumor does not. 
It is generally classified as benign, yet it is 


sometimes very difficult to remove entirely 
and is known sometimes to recur. Recurrences 
are especially common in pregnant women and 
young children. 

rauma is commonly regarded as one of the 
causes of neoplasm such as keloid tumor and 
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Fic. 6A. Photomicrograph of tissue in center of tumor 
mass shows spindle-shaped connective tissue cells and 


small blood vessels. 


myositis ossificans. When claims are made that 
trauma is a cause of other types of tumors such 
as bone cysts, Ewing’s sarcoma, chondrosar- 
coma and osteogenic sarcoma, careful investi- 
gation generally reveals that the injury was 
merely a superimposed phenomenon or a 
coincidence and not the cause of the tumor. 
With neoplasm, such as desmoid tumor, 
Dupuytren’s contracture, fibroma, neurofi- 
broma and fibrosarcoma, trauma is often 
implicated but it is usually either minor or 
gradual or a repeated form of injury. In any 
one case it is usually difficult to prove or dis- 
prove that trauma is the primary etiologic 
factor. There is often doubt about interpreta- 
tion in the use of the words injury or trauma in 
relating a patient’s history. It is interesting 
and curious that trauma-associated tumors 
such as desmoid tumors often appear in forms 
that are intermediate between malignancy and 
benignancy. In all forms, however, whether 
benign or malignant, there is need for more 
concrete evidence of the role of trauma in 
properly documented case reports [8,70]. 

In desmoid tumors, the type with which this 
report is specifically concerned, the condition 
is commonly found in the anterior abdominal 
wall of multiparous women and is presumed to 
be caused by prolonged overstretching and 
injury to muscle fibers. Rarely can a single 
injury be substantiated as the cause of a 
desmoid tumor in pregnant women or children, 
as in the case described herein. It is still more 
rare for a desmoid tumor or any form of neo- 
plasm to occur after a bone injury or a fracture. 


Fic. 6B. Photomicrograph of tissue on surface of mass 
shows incorporation of muscle fibers and characteristic 
picture of unencapsulated proliferating desmoid tumor 
cells. 


7A 7B 


Fic. 7. A, roentgenogram, anteroposterior view, show- 
ing repair of shaft of ulna four years after injury and 
two years after operation. B, roentgenogram, lateral 
view, of same area shown in (A). ; 


It is very common for muscle tissue to be 


stretched, torn and extensively lacerated by 
displaced bone fragments, but true neoplasm 
is almost never seen after a fracture. Local 
conditions other than injury must be assumed 
to be present in any case in which neoplasm 
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follows a fracture. The process of bone repair 
is an orderly and highly organized form of 
growth which does not invade or destroy sur- 
rounding muscles. Just what local factors were 
present to produce the growth of a desmoid 
tumor tissue in this case, after the fracture 
united, are not known. The observations that 
gonadotropic hormone activity has been found 
in desmoid tumors in children [3,4], that 
castration by radiation to suppress ovarian 
function will produce regression of desmoid 
tumors in adults [6], and that estrogen treat- 
ment will produce desmoid tumors in guinea 
pigs [5] are most interesting in connection with 
this case and similar neoplasms and require 
further investigation. 

Arguments against a decision that trauma 
was the cause of desmoid tumor in the afore- 
mentioned case can be listed as follows: (1) 
the fracture in the same location as the tumor 
could be one of nature’s incredible coincidences; 
(2) the overstretched pronator quadratus 
muscle in this case, just as the muscle of the 
anterior abdominal wall of pregnant women, 
is merely one of the many sites in which 
desmoid tumor can grow; (3) a systemic or 
hereditary factor, as in patients who form 
keloids in scars, could be the chief factor in the 
cause of formation of desmoid tumor; (4) 
trauma may be a local factor but not the chief 
etiologic agent; (5) desmoid tumor has been 
described in too many cases without a history 
of injury and too many fractures occur without 
desmoid tumor in children. The evidence avail- 
able from all cases reported in the literature 
including the one added by this communication 
is that a combination of local (trauma) and 
systemic factors (endocrine influences in child- 
hood or pregnancy) and possibly also genetic 
factors are involved in the mechanism of 
formation of a desmoid tumor. Hence, the 
cause of this neoplasm is not known except 
that it is probably not trauma per se. The 
subject certainly deserves intensive study of 
many more patients of all age groups. 


SUMMARY 


Desmoid tumor, a neoplasm commonly asso- . 
ciated with trauma, occurred in the area of an 
apparently normal-healing simple fracture of 
the ulna in an eight year old boy. The tumor 
grew slowly over a period of two years and 
produced erosion of the external surface of the 
growing compact bone after the fracture was 
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united. It invaded the muscle attachments 
upon the ulna and was adherent to the sheath 
of the ulnar nerve. In order to repair the nerve 
it was necessary to transpose it from the poste- 
rior to the anterior aspect of the elbow. There 
was no recurrence of the neoplasm five years 
after the fracture and three years after the 
operation. The patient was examined by Mr. 
H. J. Seddon of London and it was estimated 
that there was return of approximately 40 per 
cent of the function of the ulnar nerve. Slight 
clawing was apparent in the ring finger and the 
little finger, but the patient was able to write 
legibly, play ball and had very little residual 
disability. 


Acknowledgment: These investigations were 
aided by a grant from the Josiah Macy, Jr. 
Foundation, the Ayerst Research Laboratories 
and the Lee S. Mytinger Foundation. 


REFERENCES 


. Apams, R. D., DENNy-Brown, D. and Pearson, 
C. M. Diseases of Muscle. New York, 1953. 
Paul B. Hoeber, Inc. 

2. Beuans, R. J. Relation of Trauma to New Growths; 
Medical-Legal Aspects. London, 1939. Bailliere, 
Tindall & Cox. 

3. GESCHICKTER, C. F. and Lewis, D. Tumors of 
connective tissue. Am. J. Cancer, 25: 630-655, 
1953- 

4. Muscrove, J. E. and McDona.p, J. R. Extra- 
abdominal desmoid tumors, their differential 
diagnosis and treatment. Arch. Path., 35: 112- 
114, 1943- 

5. Napet, E. M. Histopathology of estrogen-induced 
tumors in guinea pigs. J. Nat. Cancer Inst., 10: 
1043-1065, 1950. 

6. Pack, G. T. and Eurtuicn, H. E. Neoplasms of the 
anterior abdominal wall with special considera- 
tion of desmoid tumors. Experience with 391 
cases and a collective review of the literature. 
Internat. Abstr. Surg., 79: 177-198, 1944. 

7. PFEIFFER, C. Die Desmoide der Bouchdecken und 
ihre Prognose. Beitr. z. Klin. Chir., 44: 334-401, 
1904. 

8. Ramsey, R. H. The pathology, diagnosis, and 
treatment of extra-abdominal desmoid tumors. 
J. Bone er Joint Surg., 37A: 1012-1018, 1955. 

9g. SpeeD, K. Trauma in relation to origin of bone 
tumors. Proc. Inst. Med. Chicago, 19: 352, 1953. 

10. Younc, H. H. and McDona.p, J. R. Extra- 

abdominal desmoid tumors; instructional course 

lectures. Am. Acad. Ortho. Surg., 11: 14-17, 1954. 


DISCUSSION OF PAPERS BY HALTER AND GROSS; 
WHITE; FORD; AND URIST 


Cuartes Hucu Macuire* (Louisville, Ky.): As 
Dr. Hudack has said, we have become too spe- 
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cialized in debating what sort of appliance should 
be inserted in a certain joint, and have ruined 
many practical traumatic problems. 

Certainly with children as active as they are, 
they injure themselves more frequently than we 
realize. | was surprised to learn that in the forty- 
five cases of Drs. Halter and Gross, the spleen was 
not mentioned as one of the main offenders. In 
Kentucky we have more instances of traumatic 
injury to the spleen and liver than to almost any 
other organ of the body. 

One thing we lose sight of, particularly those of 
us who do not treat many children, is the extreme 
whip action of the lower ribs. Due to the marked 
flexibility of the lower ribs, a very trivial injury 
to the body of one of the lower ribs can produce 
enough of a whip action to macerate a spleen com- 
pletely or tear a large, gaping hole in the liver. 

Interestingly enough, when these children are 
first seen, particularly those under eight, they may 
have a massive hemoperitoneum without many 
physical findings. Many of them will be pale, of 
course, from the loss of blood; most of them will 
have a grunting type of respiration and little or no 
abdominal findings other than slight distention and 
evidence of fluid in the flanks. The liver and spleen 
can, of course, lose a tremendous amount of blood 
in a short period of time. 

I would like to make a comment about dog bites 
that you would not believe could happen, but does. 
About five years ago in one of our private hos- 
pitals, a child was admitted who had been bitten 
on the upper lip by a dog. The intern in the 
emergency room had heard that fuming nitric acid 
was the treatment for dog bites. He picked up a 
2 by 2 sponge, saturated it with fuming nitric acid 
and applied it to the upper lip of the child. You can 
imagine the amount of plastic work that had to be 
done later to remove the evidences of the streams 
of nitric acid that had run down the child’s face. 

Donacp M. GLover (Cleveland, Ohio): I would 
like to discuss Dr. White’s very interesting and 
timely paper. 

In additidn to commenting on the beautiful 
presentation of the plastic reconstructive work he 
did on his patients, I think it is important to call 
attention to the hazards of the rotary lawn mower. 
It is particularly important for a Society with the 
national standing and reputation of this one to 
consider seriously some of these hazards to which 
people are constantly exposed. We should exert 
all the influence we can as a national organization 
to try to correct some of these simple hazards as 
well as the more dramatic ones with which we 
interest ourselves. In this Society we do quite a lot 
of talking about these things, but so far have done 
comparatively little in an organized way to try 
to influence the manufacturers. 

LesTER BREIDENBACH (New York, N. Y.): Re- 
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garding the paper by Drs. Halter and Gross, | 
would like to recite briefly a few cases of blunt 
trauma to the abdomen in newborn infants that 
we encountered within the last six months at 
Bellevue. Both cases occurred within eight weeks 
of each other. Both children were born normally; 
one was a breech presentation, the other was a 
vertex presentation and was sick from the time of 
birth. A flat plate of the abdomen showed air in the 
peritoneal cavity. 

Both infants were operated upon; they had 
3 inch lacerations of the stomach, probably due to 
expansion and contraction of an air-filled viscus, 
as was suggested by the authors. The lacerations 
were sutured; both infants died. 

In relation to Dr. Urist’s presentation, I would 
like to cite the following case. 

A fifty-four year old man had been operated 
upon in Vienna twenty years previously for a 
tumor just above the internal condyle of the right 
humerus. He came to this country, and while 
working here (this was twenty years later) he 
slipped and fell. In trying to prevent the fall, his 
elbow came down rather severely and hit the table 
at which he was working. 

He was seen by his doctor almost immediately, 
or within a few hours. The entire internal aspect 
of the arm was ecchymotic and tender. Subse- 
quently, what the doctor thought was a localized 
hematoma developed just above the internal 
condyle of the humerus, and there was slight 
scalloping of the internal border of the humerus 
just above the medial condyle. 

Subsequent follow-up of this man revealed that 
the hematoma remained and became a stony hard 
tumor 144 by 1 cm. in diameter. Subsequent serial 
x-rays showed an increased amount of damage to 
the border of the humerus. He was operated upon; 
excisional biopsy revealed osteogenic sarcoma. 

We then communicated with the Algemeine 
Krankenhaus in Vienna where he had undergone 
operation twenty years previously. Their Pathology 
Department promptly sent us a pathologic report 
with the slides, which I thought was quite remark- 
able, the operation having been performed twenty 
years previously. The slides showed, as read by 
several pathologists, osteogenic sarcoma which had 
been apparently arrested by simple or partial 
enucleation of this tumor mass twenty years pre- 
viously. The patient had been well for twenty 
years, until the injury to his elbow caused a violent 
flaring up of the tumor mass which subsequently 
caused his death with metastasis to the lung (the 
usual outcome of osteogenic sarcoma). 

Donatp K. Pine (Flint, Mich.): Dr. Ford has 
concisely stated the dilemma inherent in treating 
dog bites. Insofar as statistics are concerned, the 
dogs in Flint are no different from the dogs in 
Ann Arbor. 
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At Hurley Hospital in the last five years we have 
seen more than 1,900 patients with dog bites and, 
similar to Dr. Ford’s figures, this amounts to a 
little less than 2 per cent of our emergency service 
admissions; about one-fourth of the bites are 
located on the head and neck. 

Regarding rabies prophylaxis, our trauma staff 
believes that the treatment is dependent on the 
local conditions. In Flint, during the past twenty- 
four years, there has not been one case of rabies 
in dog or man. The maintenance of this record we 
believe is due to the strict elimination of all stray 
and unbefriended dogs. Approximately 1,000 
animals a month are destroyed by the Dog De- 
partment. The Pasteur treatment is rarely used in 
Flint, for two reasons. First, we do not have a 
reservoir; we know there is no disease within the 
county, although it could come at any time. 
Second, with the hyperimmune serum we are 
afforded a period of grace; we use it in all cases of 
severe exposure about the head and neck, during 
which time we can observe the dog and then start 
the immunizations if necessary. 

Lastly, I would like to mention the treatment of 
severe lacerations about the face, where primary 
healing is so important. Especially in children, 
who are prone to be knocked down and severely 
bitten by large dogs, we have been gratified by 
the results obtained in repairing these lacerations 
primarily under general anesthesia. A thorough 
wound cleaning is possible, and the repairs accom- 
plished seem to justify the small risk of anesthesia. 

Netson J. Howarp (San Francisco, Calif.): 
Dr. Urist’s paper was quite a revelation to me. 
I think his presentation of pro and con in regard 
to the relation of trauma to desmoids is excellent. 
I would like to call his attention to certain factors 
in desmoid tumors which I think perhaps are 
sometimes neglected and unrealized by physicians 
and pathologists. 

First, what do we mean by a “desmoid’’? The 
old definition was a tumor composed of muscle 
and fibrous tissue, usually arising in the abdominal 
wall and associated with multiple pregnancies. 
As our pathologic knowledge and experience 
grew we found that there were pure fibromas, pure 
myomas of skeletal muscle, rhabdomyomas, 
rhabdosarcomas; on the other hand, the fibromas 
may become fibrosarcoma. Distribution of these 
tumors is widespread, as Dr. Urist has shown. 
In a recent quick culling of histories at both 
Stanford University Medical School and St. 
Joseph’s Hospital in San Francisco, I was able 
to gather twenty-five cases treated during the 
past five years which might, in extremes of the 
definition of the term ‘“‘desmoid,” meet certain 
qualifications, pathologic and clinical. If we narrow 
these down to those which would meet the nar- 
rowest classification of desmoids, there were 


probably only fifteen. Of all of these, | have had 
five cases which I know from pathologic and 
clinical experience might be called desmoids. 

There are certain factors that Dr. Urist did not 
mention. The first one is that of the biologic pre- 
disposition, not of the local site but of the indi- 
vidual. I believe I have come around to the concept 
of Dr. McDonald of Los Angeles, that a biologic 
predisposition is probably the most important 
factor in all tumors, benign and malignant. The 
factors in the individual’s resistance to malignancy 
are as yet unknown. 

I would like to point out to Dr. Urist that fre- 
quently these patients with the old definition of 
desmoid or with the newer definitions have either 
multiple lesions or have multiple neurofibromas 
(neuroma, fibroma or myoma), myoma uteri, 
fibromyomas of different organs of the body or 
fibroadenoma of the breast or the prostate; so 
there is a biologic predisposition to tumors, benign 
and malignant, and in sex-linked organs to fibrosis 
and pseudotumor formation. 

One factor about dog bites was not mentioned, 
and that is the frequent penetration of the dog 
or animal bites to the tendon sheaths of the joints 
of the fingers and hands, the dorsal digital bursae 
of the hands and fingers, and the intermetacarpal 
bursae. These are emergencies which must be 
treated immediately. The problem of rabies itself 
must be considered because of the infection of the 
tendon sheaths, joints and bursa with bacterial 
organisms and with mouth spirochetes. In the 
Middle West and on the Eastern seaboard, dog 
and domestic animal bites are the principal sources 
of human rabies. In the Rocky Mountain country 
and in the Far West, the worldwide primitive 
rabetic situation still prevails. Wild animals make 
up the most frequent veccors as animal sources of 
rabies. : 

Harrison Litoyp McLauGHiin (New York, 
N. Y.): The identification of a true neoplasm at 
the exact seat of a healing fracture is very interest- 
ing, but I think that the post hoc, ergo propter boc 
proposition that the fracture caused the tumor is 
of even greater interest and of considerable 
importance from many points of view. 

Dr. Urist described concisely and well the back- 
ground of desmoid tumors. The support for causal 
relationship in this case was the element of con- 
tinuity and the fact that at the time of fracture 
x-rays were negative for tumor and two years 
later were positive. However, he omitted one 
factor included in his written manuscript. This 
tumor was visible ten weeks after the fracture 
and, therefore, support of causal relationship 
must accept a growth of the tumor to visible 
proportions in these first ten weeks, and thereafter 
so slowly that excision was deferred for two 
years. 
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Exclusive of the other factors, this suggests 
that the fracture occurred adjacent to the tumor, 
and that the tumor continued to grow uninter- 
rupted until pressure on the nerve and the bone 
required its removal. 

I should like to raise one more point concerning 
treatment, and I know that this occurred to Dr. 
Urist at the time. The ulnar nerve at the wrist is 
possibly the one peripheral nerve that we do not 
like to repair. The prognosis for recovery is poor 
and Dr. Urist did very well to get a 40 per cent 
return. I think, having identified this neoplasm 
as a true desmoid tumor, I would have been 
inclined to be satisfied with even a subtotal 
resection, since desmoid is non-metastasizing and 
non-malignant, in an effort to retain continuity 
of the ulnar nerve; and defer segmental resection 
of the ulnar nerve at the wrist, at least pending a 
recurrence of the tumor. 

I know this occurred to Dr. Urist, and I would 
like to know what prompted him to do a block 
dissection of the tumor, including the ulnar nerve. 

RicHarp S. Gross (closing): We did indeed 
have splenic injuries in our cases. There were ten, 
and an additional four were associated with other 
abdominal disorders. 

In looking through these cases we did discover 
two cases of ruptured stomach in premature in- 
fants shortly after they had been born. However, 
since these patients had had Levin tubes repeatedly 
inserted for lavage or feeding and did not actually 
come under the realm of acute non-penetrating 
trauma, they were not included in this paper. 

Witiiam L. White (closing): Regarding the 
rotary lawn mower, | certainly feel very strongly 
that we need some protection for the public. If 
these instruments were being used in industry, 
it is most unlikely that this high incidence of 
injury would be tolerated. The public, unfortu- 
nately, has no supporter. It has no way of general 
protection, and it would seem to me that it is 
up to us to institute some form of protection against 
certain devices that appear to be dangerous for 
home use. 

I think this might well be done if this Society 
could identify .itself with the National Safety 
Council and go along with them in investigating 
various types of injury and various appliances, 
and perhaps add our voice so that protective 
schemes could be worked out. 

WicuiaM J. A. Forp (closing): I think the fact 
that the city of Flint has not had a rabid animal 
within the county within the past twenty-four 


years is indeed remarkable, and it shows what. 


can be done with a good prophylactic program. 
Unfortunately, this situation is not duplicated 
throughout the rest of the country or, for that 
matter, throughout the rest of Michigan, but it 
could be done if it were tried. 


R. Urist (closing): Two pertinent 
questions have been raised about the case report | 
presented. 

Dr. Howard brought up the question of biologic 
disposition to desmoplasia. There is definitely 
such a thing, and of course this is what we see in 
Dupuytren’s contracture and keloid formation. 
The lesion in these conditions is very similar 
microscopically and morphologically to desmoid 
tumor. It usually is regarded as a hereditary 
condition. 

Dr. McLaughlin raises the question of, “‘Why 
such radical treatment, block and nerve resection, 
from the very beginning”? 

The radical treatment was decided upon for a 
combination of reasons. First, although the diag- 
nosis from frozen section was desmoid tumor, I 
was skeptical; | thought the tumor was a fibro- 
sarcoma. Second, the site and appearance of the 
tumor was most ominous, and the literature on 
desmoid tumor is filled with examples of repeated 
recurrences and cases of malignant change. 

I have had correspondence with four of the 
acknowledged leaders in the field of oncology, 
and the over-all experience with dermoid tumor, 
especially the variety that grows in deep struc- 
tures, does not encourage conservatism. I would 
like to present exerpts from personal communica- 
tions about this case with Drs. Henry L. Jaffe, 
Murray M. Copeland, Bradley L. Coley and 
Francis D. Moore. 

Dr. Jaffe writes, ““The facts in the case are 
exceedingly interesting. I personally have not 
seen or known of a case similar to yours. Certainly 
the development of a desmoplastic tumor in 
the soft tissues adjacent to a bone subsequent to 
simple fracture of that bone is worth recording. 
However, the fact that this is practically a unique 
case seems to call for caution in interpreting the 
local single traumatic incident as an instigating 
factor in the desmoplasia in this case. 

“Of course, one could argue in favor of such a 
thesis that it is only occasionally that a focus of 
myositis ossificans develops at the site of a soft- 
tissue hematoma. However, the sequential rela- 
tionship between soft-tissue trauma and hematoma, 
on the one hand, and a focus of myositis ossificans 
on the other, is well established by the force of 
the accumulated cases. There is also no doubt in 
my mind that, in these cases of myositis ossificans, 
there must be some special factor, not yet under- 
stood, which conditions its development in one 
case and not in another. 

“As I stated, your case is worth reporting. 
However, unless the incidence of the association 
turns out to be higher than it now appears to be, 
one cannot yet draw the general conclusion that 
the local trauma and fracture was of etiologic 
significance in the development of the desmoid.” 
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Dr. Copeland states, “I received your case 
report two or three weeks ago with reference to a 
desmoid-like tumor situated in the right lower 
forearm. I have read your report over carefully 
and noted your specific inquiries. I am familiar 
with the report of Dr. Stout’s forty-four cases of 
juvenile fibromatosis of which fourteen cases 
involved the hands and feet and could be classified 
as tenofibromatosis and eleven could be classified 
abdominal desmofibromas. There are three cases 
with which I have been more familiar. They are the 
ones which Dr. Geschickter reported under the title 
of, ‘Desmofibromatosis and Viscerofibromatosis.’ 

“One of these was a fifteen year old girl who 
had an enlarged big toe on the left foot which was 
a congenital affair with a reduplication of carpal 
bones in the great toe on the left. At about the 
age of fifteen she developed a painful swelling 
in the dorsum of the left foot lateral to and behind 
the big toe over the metacarpals. This lesion 
progressed rapidly up until about two years ago. 
On examining this girl, we found that she also 
had a large mass in the adductor muscles of the 
left thigh. Subsequent operation has proven this 
to be a form of desmofibromatosis. We have 
ultimately had to resect all of the adductor muscles 
and amputate the leg below the knee. Some of 
the tarsal bones were slightly eroded from the 
lesion in the foot. 

“Another case was a 43 year old woman who 
ultimately had multiple abdominal lesions with 
metastases to the vertebra. Dr. Geschickter felt 
this arose on the basis of a desmofibromatosis which 
ultimately became malignant. 

“The third case was a 53 year old woman who 
had a swelling of the fourth left toe which was 
repeatedly excised and ultimately the fourth 
toe was amputated. She then developed re- 
crudescence of the disease between the fifth and 
third toes on the dorsum of the same foot. This 
lesion proved to be a low grade fibrosarcoma. The 
histology was predominately benign but there 
were a few cellular strands of fibroblasts with 
hyperchromatic nuclei sprinkled through the sec- 
tion. The left leg was finally amputated below 
the knee in 1953 and the patient has had no 
evidence of recrudescence of disease since that 
time. Dr. Charles F. Geschickter has written on 
this general disease under the title of ‘Desmo- 
fibromatosis and Viscerofibromatosis,’ in The 
Bulletin, Georgetown University Medical Center, 
Vol. 8, page 201, 1955. Dr. Stout’s article is 
found in the journal Cancer, Vol. 7, page 953, 
1954. 

“As to the question of a single trauma producing 
cancer or sarcoma, I would refer you to the article 
of Fred W. Stewart; title, ‘Occupational and 
Post Traumatic Cancer,’ Bulletin, New York 
Academy of Medicine, Vol. 23, 1947. I think 
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Fred Stewart’s approach to the question of 
trauma in its relationship to cancer is excellent 
and one that makes sense to me. I have been very 
loathe to accept single traumas with the develop- 
ment of either cancer or sarcoma, although I 
will confess at times it is difficult to get away from 
the fact that sarcoma of bone seems to follow 
in the wake of a single trauma and yet we have 
not been able to produce it experimentally on 
any such basis and I feel that from a purely 
scientific point of view that it probably occurs 
with a great rarity, if ever. 

“In your case of course, I raise many questions 
in my own mind as to whether this lesion may 
have arisen from a perineural sheath, periosteum 
or fascial planes in and about the area. The diag- 
nosis of desmoplastic tissue is difficult to establish 
save by correlation of the histopathological ap- 
pearance, the history of the case and the sub- 
sequent course of the case. Can it be a periosteal 
fibroma or is it a desmofibromatosis? Your answer 
is as good as mine. 

“As to the treatment of desmofibromatosis, | 
think that one has to be as radical as necessary 
but as conservative as possible. However, if 
malignant change appears in a single lesion or 
appears in multiple lesions and one can do a 
radical operation such as amputation as definitive 
treatment, it is certainly advisable. In the first 
case that I pointed out to you with a lesion both 
in the foot and in the thigh, approximately six 
months after the below knee amputation, we now 
have evidence of recrudescence of disease in the 
popliteal space. There is no evidence of recrudes- 
cence of disease anywhere about the inguinal 
region or in the area where all of the adductor 
muscles were resected. I think that my next 
move here will have to be a mid-thigh amputation.” 

Dr. Coley writes, “‘During the past year I 
have had two of these tumors, in the forearms 
of two girls about 11 years of age both of whom 
had been operated on previously, with recurrence. 
There was no trauma in either case as far as we 
could learn. I frankly confess that I do not know 
what the relationship of antecedent injury may be 
to the development of these tumors when they 
occur as extra-abdominal desmoids.” 

Dr. Moore states, “Your case report is a fas- 
cinating one and I never happen to have seen 
one like it. Surely the trauma must be regarded 
as an etiological factor here unless one could 
gather evidence that the tumor was present 
previous to the injury and weakened the bone at 
this point. That seems to be unanswerable. 

“One of the interesting things about surgical 
metabolism is the marshalling of metabolic sub- 
strates from diffuse sites throughout the body 
(largely skeletal muscle) so that synthesis of 
mucopolysaccharides and other collagen pre- 
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cursors may go on in the wound. There is evidence 
from a number of sources that the early bio- 
chemical reactions in the wound are independent 
of cellular proliferation. Cellular proliferation then 
occurs within this matrix and the whole thing is an 
example of self-limited rapid growth. In that 
sense it is the deer antler problem and various 


other examples that have been selected from 
nature, wherein very rapid growth proceeds for a 
time and then stops completely. What forces 
control this starting and stopping of course remains 
a mystery. But, should the force which stops the 
proliferation fail to act, some sort of a tumor 
certainly ought to result.” 
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Evaluation of Present Day Concepts in the 
Treatment of the Severely Burned Patient’ 


James F. ConnELL, JR., M.p., JOHN J. Bowe, M.p., Lours DEL GUERCIO, M.D. AND 
Louis M. RousseEtort, m.p., New York, New York 


— expected heavy winter increase in the 
number of severe burns indicates the need 
for continued appraisal of the management of 
the severely burned patient, the dissemination 
of this knowledge to all who may be responsible 
for the care of the patient and a civic program 
stressing prevention. 

We will attempt in this paper to present a 
summary of our experience with 233 severely 
burned patients. This discussion will be limited 
to the more critical topics of mortality, infec- 
tion and local wound therapy carried out under 
the aegis of the Department of Surgery, St. 
Vincent’s Hospital, New York City, during the 
past five years, with the support of the United 
States Army, Department of Medical Research 
and Development. 


METHODS AND MATERIALS 


All burn patients admitted are directly super- 
vised by a burn team composed of two general 
and two plastic surgeons supported by the 
laboratory, dietary and rehabilitation divisions 
of the hospital. During the past five years 
approximately 370 burn patients were hos- 
pitalized. Of this number, 233 patients had deep 
second and third degree burns of 10 per cent or 
more of the body surface, or burns involving 
such vital areas as the hands or face. These 
patients were hospitalized thirty minutes to 
four months following injury. The initial meas- 
ures in treating fresh burns consisted of deter- 
mination of the extent of the injury in the 
emergency room by use of the Berkow scale 
(rule of nine) [rz]. Evans’ formula [2] for the 
replacement of fluid loss was utilized for lesions 
causing less than 45 per cent second and third 
degree destruction of the body surface. More 


extensive lesions were treated by a modification 
of this method which will be discussed later. 

Our main criteria for progress in the status of 
the burn patient in the first forty-eight hours 
have been the hourly observation of urinary 
output from an indwelling catheter correlated 
with frequent observations of the hematocrit 
and vital function. 

The wounds were carefully lavaged with 
copious amounts of warm water and phisohex.® 
All vesicles were opened and loose epithelium 
and detritus were gently removed. The majority 
of our severe burns were left completely ex- 
posed in the early stages of the study [3], but 
this procedure was modified in 1953 so that now 
all flexion creases of the limbs and circumferen- 
tial burns of the trunk are covered with a non- 
adherent contact wound dressing and an outer 
layer of absorbent gauze held in place by a 
supporting bandage. Burns of the hand are 
splinted in the position of function and wrapped 
in an occlusive dressing. A large number of first 
and second degree burns of the hand are treated 
with exposure. Aqueous penicillin, 600,000 
units, and dihydrostreptomycin, 0.5 gm. are 
administered intramuscularly when the patient 
arrives in the special burn ward, and are con- 
tinued on a twelve-hour basis for approximately 
seventy-two hours. All patients received either 
tetanus antitoxin or toxoid. The burn ward is 
restricted for the most part to burn patients. 
The room is screened and the floors are heavily 
waxed. Clean rather than sterile sheeting and 
bedclothes are utilized. We insist that no bed- 
clothes touch the burn area. Thus, it is neces- 
sary during the winter months to provide 
external heat and this is found to be accom- 
plished best by placing heating pads on unin- 


* Work performed under contract with the Office of Medical Research and Development, United States Army, 
Contract DA-49-007-MD-72. 
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volved surfaces of the body, thereby not heat- 
ing up the environment of the burn wound. In 
some cases a Stryker frame helps in the nursing 
care of the patient. Early ambulation is ini- 
tiated whenever possible. A continuing attempt 
is made to have all personnel use gloves and 
masks in administering to the patient. 

Débridement of the eschar and crust is 
started on approximately the sixth to eighth 
day after injury. From this point on, all open 
wounds have protective dressings. In most 
instances skin replacement is started by the 
twelfth to the twentieth day following injury 
and is continued on a weekly basis until the 
patient is completely covered with his own skin. 
In some patients with lesions comprising 50 per 
cent or more of the body surface, fresh homo- 
grafts removed from live donor sources or 
cadavers are used to give interval wound 
coverage, reduce the amount of serum loss and 
diminish the number of sites available for 
bacterial invasion. 

In all patients with burns of the face pulmo- 
nary lesions are suspected, and a chest x-ray 
is taken on admission to the hospital. Clinical 
appraisal of the larynx and chest is made on a 
two- to three-hour basis and routinely followed 
in four days by a second chest x-ray. If evidence 
of tracheal obstruction becomes manifest, 
tracheotomy is immediately performed. In 
these patients continuous oxygen, frequent 
gentle suction, the use of nebulized alevaire® 
and an appropriate antibiotic is employed. 

Patients admitted to the burn service with 
other than fresh burns usually had complica- 
tions of severe infection, anemia and malnutri- 
tion. Their wounds were débrided of all 
devitalized tissue. The dressing consisted of 
absorbent gauze into which numerous catheters 
were inserted. Through the latter, a solution of 
norma! saline, with or without proteolytic 
enzymes, was perfused on a three-hour basis. 
Blood, electrolytes and nutritional deficits were 
rapidly corrected so that adequate surgical 
débridement and early skin replacement could 
be initiated. 

Physiotherapy was instituted as soon as a 
functional body unit was covered with skin. 


RESULTS 


Second Degree Burns. One hundred thirty- 
nine patients in this series were listed as having 
primarily second degree burns. In a number of 
these cases there were associated small third 
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degree burns which did not require grafting. 
There were no deaths in this group. Most fre- 
quently the burning agent was hot fluid, steam 
or flame of the flash variety. In two patients 
the burn involved 60 and 85 per cent of the 
body surface, respectively. 

On the outlined regimen these burns healed 
rapidly, the average hospital stay being four- 
teen days. Starting on the sixth day, wet 
dressings containing solutions of normal saline 
or varidase®* diluted in saline were utilized 
to dissolve and gently remove the dried serous 
crust. 

The infection rate in this group was 5 per 
cent. Hemolytic staphylococcus aureus and the 
gram-negative bacteria were the usual organ- 
isms present. Transient bacteremias were 
noted, but no instance of septicemia occurred. 
The infection varied from local cellulitis to 
cellulitis with ascending lymphangitis and 
lymphadenitis. 

Third Degree Burns. In this group ninety- 
four patients had lesions in which the third 
degree elements predominated over the second 
degree burns. The use of the burn index [4] 
gives priority to the fact that a third degree 
lesion is always more serious than its second 
degree counterpart, involving a larger body 
surface. The index is determined from the sum 
of the percentage of the area of third degree 
burns, plus one-half the percentage of second 
degree areas involved: I = (% 3° + 4% 2°). 
The mortalities in this group will be discussed 
later. 

Sixty-three of the patients had a burn index 
of 20 or higher. Each patient in this group had 
transient bacteremia. Thirty patients showed 
evidence of septicemia, as determined clini- 
cally; positive blood cultures were obtained 
from sixteen of these patients. Fourteen of the 
thirty patients with septicemia died, a mortal- 
ity rate of 46 per cent. Thus, the development 
of sepsis even in the present age of antibiotics 
is a grave sign. The sixteen patients who sur- 
vived were subjected to such supportive meas- 
ures as whole blood, continuous intravenous ad- 
ministration of broad-spectrum antibiotics and 
high vitamin, high protein, high caloric diets. 

The initial shock phase was treated with 
whole blood or dextran. In a number of patients 
I unit of dextran was used to every 3 units of 
blood. Normal saline by either intravenous or 


* Varidase supplied by Lederle Laboratories, Pearl 
River, New York. 
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Fic. 1. Severe first and second degree hot water burns 
involving 80 per cent of the body surface twenty-four 
hours after injury. Total fluids given in twenty-four 


hours were limited to 7,500 cc., of which 4,000 cc. was 
whole blood. 


sti? oral routes supplied electrolytes. The Evans or 
ee similar formulas to determine the fluid needs 
Pe of burn patients with an index over 45, espe- 
Bs cially those over fifty years of age, will usually 
indicate the need for excessive fluid volumes. 
(Figs. 1 and 2.) To correct this overestimate, 
we have increased the relative percentages of 
whole blood and reduced the formula amounts 
of saline and water so that no single patient 
received more than 6 to 8 L. in twenty-four 
‘Efe, hours. Another modification is to increase the 
rate of fluid administration, depending on the 
hourly urinary output. 
Pas The apparent reason for so little scientific 
criteria for the fluid replacement in this group 
is that so few have survived the massive trauma 
and so many have severe concomitant pulmo- 
nary complications. In a recent report from a 
United States Public Health study in Lima, 
Peru [5], Rosenthal gave indications that sup- 
port Fox [6], suggesting that saline or balanced 
salt solutions alone could support patients with 
massive fluid shifts in burn shock. _ 
Local wound measures in the patient with 
sepsis consisted of attempting rapid covering 
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Fic. 2. Five days after injury. Note the dried crusts 
and marked shift in fluid reabsorbed from subcutane- 
ous tissues. Patient was kept erect, as burns were 
circumferential. 


of the skin by removing all devitalized tissue 
and instituting continuous wound drainage. 
The wound area was covered with an occlusive 
dressing containing catheters, so that the 
wound could be kept moist with normal saline 
or saline proteolytic enzyme mixtures to pro- 
mote the dilution and removal of purulent 
exudate and slough. Forty-eight to seventy- 
two hours later skin grafting was performed 
wherever possible. 

In small, circumscribed, third degree lesions, 
immediate excision and grafting has been very 
successful. However, in an attempt to achieve 
earlier closure of wounds, a group of British 
surgeons and the Surgical Research Unit of 
the Army [7] are practicing early excision of 
extensive burns (40 to 50 per cent) on the 
third or fourth day. 

In our study we have evaluated eighteen 
various proteolytic enzymes in an attempt to 
débride the eschar from the burn wound 
atraumatically [8,9]. (Figs. 3 to 6.) Our criteria 
for an optimum result have been published 
elsewhere [10] and to date, the most efficient 
enzyme, i.e., a clostridium derivative, requires 
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Treatment of Severely Burned Patient 


Fic. 3. Severe second and third degree burns of left hand sustained from ther- 
mal injury. Wound is shown eight days after injury. 


Fic. 4. Burns of hand and arm after five days of débridement with debricin. 


at least twenty-four hours. However, due to 
toxicity and production problems, this prepara- 
tion is unavailable for large-scale studies. Less 
efficient although less toxic enzymes require 
four to nine days,* and during this time the 
patient’s wound may become an incubator for 
organisms and denatured proteins in a fluid 
media [10]. The more practical solution to this 
problem seems to rest in the development of a 
non-toxic parenteral agent, i.e., “to work from 
the inside out.” 


* Debricin® supplied by Johnson and Johnson, New 
Brunswick, New Jersey. 
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The advent of sequestration of the eschar is 
accompanied by suppuration. To lessen the 
possibility of bacteremia the eschar should be 
excised and wet dressings instituted so that 
adequate drainage is maintained. The use of a 
non-adherent contact dressing has enabled us to 
change the top dressings frequently without 
pain or trauma to the underlying wound.* 
(Figs. 7 and 8.) 

Our practice in the treatment of extensive 
burn wounds is to perform segmental excision 


* Adaptic non-adherent dressing supplied by Johnson 
and Johnson, New Brunswick, New Jersey. 
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Fic, 5. Wound has had daily applications of debricin for five days (close-up). 


Fic. 6. Twelve days after cessation of enzyme débridement and ten days 
postgrafting. 


Fic. 7. New emulsion impregnated rayon dressing. Figure shows non-adherence 
of material when separated from a deep donor site five days after removal of 


skin. 
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Treatment of Severely Burned Patient 


Fic. 8. Graft site covered with new impregnated rayon dressing five days after 
surgery, demonstrating porosity and lack of granulation tissue growing into 


mesh. 


and grafting rather than massive one-stage 
débridement. However, the staged technic 
should never be dilatory, but a frequent suc- 
cession of débridement and grafting instituted 
every five to seven days. 

In this study the ninety-four patients with 
severe third degree burns were hospitalized 
an average of fifty days. Several patients 
required subsequent procedures for relief of 
scar contractures. Thirty-two had severe second 
and third degree burns of the hands. Three of 
these cases necessitated amputation of the 
digits or hand (bilateral in one instance). The 
remainder did well with split grafts or, more 
rarely, pedicle flap resurfacing. 

Mortality. There were nineteen deaths 
among the patients treated by the Burn Serv- 
ice from August, 1950 to September, 1956—a 
mortality rate of 5 per cent in approximately 
370 patients admitted to the hospital, and a 
rate of 8.1 per cent in this series of 223 severely 
burned patients. 

The problem of mortality in the burned 
patient has many facets and has been corre- 
lated with the patient’s age and the extent of 
the body surface with third degree tissue 
destruction. The presence of a severe inhalation 
burn with damage to the pulmonary tree will 
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be fatal regardless of the degree of area of body 
surface involved. Other factors concerned are 
the time interval between injury and skin 
closure and the type of care rendered the 
patient not only through the shock phase but 
also during his whole course in the hospital. 
Negligence during any of the phases of burn 
repair will invite death through infection. 
Fourteen of the nineteen deaths in this study 
were caused by repeated bacterial invasion and 
subsequent septicemia. Price [11] has shown 
that bacteremia occurred from all third degree 
burn areas in a matter of hours following 
injury, regardless of whether the burn areas 
were treated by occlusive dressings or left 
exposed. Fissures in the eschar, caused by 
either motion or débridement, resulted in 
bacteremia. The presence of large areas of 
granulation tissue allowed for continuous bac- 
terial invasion. The cumulative result of these 
repeated episodes of bacteremia is chronic 
toxicity, stress, nitrogen loss and eventually 
fatal septicemia. The organisms responsible 
were, in our experience, primarily the gram- 
negative groups and hemolytic staphylococci 
that were often highly resistant to antibiotic 
control. It has been demonstrated by a number 
of centers, including our own, that these organ- 
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Fic. 9. Severe third degree burns of face and scalp with edema and necrosis of 
upper respiratory tract. Lower respiratory tract had less severe injury. Patient 
survived on described regimen. 


isms arising in the burn wound have been trans- 
ferred from the hospital staff attendants and 
possibly nearby patients with infected burns, 
thus the growing high incidence of resistant 
strains. 

Further study of the fourteen fatalities from 
septicemia revealed that, while the average age 
was fifty years and the burn area of third 
degree tissue destruction had an index of 50, 
these patients still survived an average of 
twenty-three days. In most instances skin 
grafting and débridement were partially com- 
pleted. These patients had mild febrile re- 
sponses starting from the second to the fifth 
day after injury and transient temperature 
elevations following every major enzyme or 
operative maneuver. In all instances a sustained 
hyperpyrexia was present for two to four days 
prior to death. In only nine fatally burned 
patients were positive blood cultures obtained, 
but septicemia was obvious from clinical 
evaluation in ail fourteen patients. The 
proved causes of infection were as follows: 
in three patients the organism was a proteus; 
in two, the organisms were pseudomonas, in 
one, coliaerogenes; and in three patients, 
hemolytic staphylococcus. In each case the 
same organism was also present in the wounds 
of the patient and in each instance the organ- 
ism was resistant to all antibiotics. 
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Lesions of the respiratory tract were found 
or suspected in twenty-one patients. In this 
group, seven patients died. One death in the 
respiratory group was attributed to overhydra- 
tion in a patient with prior cardiac damage. 
Fourteen patients had mild to moderate lesions 
in the upper respiratory tract and to a much 
lesser degree bronchitis in the lower respiratory 
tract. One patient with severe burns of the 
head, face and respiratory tract underwent 
prompt tracheotomy, and alert and ever vigi- 
lant nursing provided this man with an ade- 
quate airway until the lesions in the lower 
respiratory tract healed. (Fig. 9.) 


CONCLUSIONS 


In this report, 233 severely burned patients 
were treated and studied over the past five 
years. 

The second degree lesions, in some instances 
quite severe, nonetheless respond well to 
present day therapeutic concepts. 

Patients with third degree burns of more 
than 10 per cent of the body surface are highly 
susceptible to bacterial invasion. 

The invading bacteria are frequently trans- 
mitted by the attending hospital personnel. 

These organisms tend to be highly resist- 
ant to attainable blood levels of available 
antibiotics. 
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Treatment of Severely Burned Patient 


If rapid removal of the devitalized tissues, 
drainage and subsequent skin coverage are de- 
layed, sepsis will result, with a high mortality. 

In this study fourteen of thirty patients with 
severe third degree burns died of sepsis on an 
average of twenty-three days after injury. 

Burns of the respiratory tract similar to 
superficial second degree surface burns have in 
some instances been salvageable in this study. 

Severe lesions in the respiratory tract have 
proved to be uniformly fatal. 

Further research is in progress to determine 
better fluid replacement formulas. 

Homografts have been extremely valuable 
for transient wound coverage. 

The non-adherent petrolatum rayon wound 
dressing has been of great value for frequent 
painless dressing changes and in providing 
early reusable donor sites. 

A major effort is needed to educate the 
profession and the public in the care of the 
burned patient. 

Further efforts by civic authorities are 
required to stress prevention. 


Acknowledgment: We are grateful for the 
asistance rendered to this study by Dr. Robert 
Kennedy and the Department of Surgery of 
the Beekman Downtown Hospital, New York, 
New York. 
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Chemical Burns of the Penis 


R. E. Speirs, M.D. AND E. R. M.p., Dodge City, Kansas 


His*article is written to show how a seem- 

ingly innocuous preparation when used 
indiscriminately can produce severe toxic and 
organic changes which may be as disabling as a 
traumatic injury. The substance referred to is 
thimerosal commonly known: under the trade 
name of merthiolate.® Its composition is a 
complex organic mercurial compound contain- 
ing 49 per cent mercury. It is advertised as 
being effective against all common pathogenic 
organisms but non-destructive to tissue. The 
only contraindication appearing on the label is 
regarding individual hypersensitivity. A re- 
quest to W. F. Prior Company, Hagerstown, 
Md., brought forth an article by Hollander [7]. 
We will present two cases showing a severe 
reaction to merthiolate. 


CASE REPORTS 


Case1. J. D., aged thirty-five, was admitted to 
the hospital on December 1, 1955 with a complaint 
of pain and soreness in his scrotum. About Novem- 
ber 10, 1955 an infection developed in his scrotum 
following a vasectomy. He was advised by his 
sister-in-law, a nurse, to paint the infected area 
with merthiolate. 

He took the bottle of merthiolate, lifted the penis 
in the air and poured it over the ventral surface of 
the penis and onto the scrotum. He immediately 
experienced a severe burning sensation. In the 
ensuing two week period, an influenza-like syn- 
drome occurred which was characterized by 
malaise, chills, fever and aching with pain in the 
genitalia. Meanwhile the scrotum became red, 
gray and swollen. 

He had been hospitalized elsewhere for seven 
days before we saw him. Physical examination 
revealed a young white man who did not appear 
acutely ill. His physical examination was normal 
with the exception of an old firm right inguinal 
scar and his present difficulty. There was a foul 
odor arising from the perineal area. Inspection 
revealed a large sloughing necrotic area covering 
the under side of the penis and most of the scrotum. 
(Fig. 1.) 
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On December 2, 1955 a surgical débridement of 
the penis and scrotum was carried out with a 
primary closure of the wound. (Fig. 2.) All gan- 
grenous tissue was removed down to healthy, red, 
bleeding tissue. This included most of the scrotum > 
leaving the cords and testicles exposed. All sub-— 
cutaneous tissue and fat up to near the external 
rings on both sides including an area to the right 
of the rectum were removed. The membranous 
urethra was exposed. A No. 20 urethral catheter 
was inserted into the bladder to avoid injuring the 
urethra. The skin on the inner aspect of the thighs 
was undermined and the testicles were placed in 
the pockets. The perineum was then closed with 
interrupted chromic catgut. The skin of the penis 
was mobilized pulling the majority of the skin used 
to cover the penis from the anterior surface until 
there was about a go per cent coverage of the 
denuded area. (Fig. 3.) 

By December 12, 1955 the skin flaps had con- 
tracted with resultant edema of the distal portion 
of the penis. These were cut with an escape of 
edema fluid. At the end of this operation most of 
the skin covering the penis had been undermined 
and reshifted. The coverage was fair. A vaseline 
dressing was applied. He was discharged from the 
hospital on December 21. (Fig. 4.) 

On December 27 he reported normal functioning 
of his penis which undoubtedly accounted for some 
delay in healing. He had returned to work as a 
dairy farmer and was having no testicular pain 
from the transplanted testicles. The healing was 
complete by February 10, 1956. 

It was realized at the time of operation that 
subjecting the testicles to abnormal temperatures 
was considered to have a sterilizing effect on a 
normal person. In view of the man’s vasectomy 
this was not deemed important. In any event it 
would be secondary to getting coverage for the 
testicles and penis. The construction of a scrotum 
is not being considered in this patient since he is 
known to be sterile and is free of pain. 


Case u. C. F. R., a thirty-five year old white 
man, was seen on March 5, 1956 at home because of 
elevated temperature, nausea, vomiting, and pain 
in the back of forty-eight hours’ duration. Two 
days previously, he had caught his penis between 
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Fic. 1. Case 1. Extensive necrosis of scrotum and base of penis resulting from the application of merthiolate. 
Fic. 2. Case 1. This is the extent of the débridement. 


Fic. 3. Case 1. Appearance at the time of primary closure. 
Fic. 4. Case 1. The end result; the testicles buried beneath the skin of the thighs. 


two boxes while unloading a truck. Because he felt 
that the bruised area was becoming infected, he 
applied merthiolate. He stated that during the 
night of March 4 he noticed marked swelling of 
the penis. This was very painful. The pain and 
nausea continued throughout the night. 

In 1955 he had his appendix removed. The pre- 
operative abdominal preparation was with soap 
and water followed by the application of merthio- 
late. This resulted in a severe dermatitis of the 
*‘merthiolated area.’”” He was advised at that time 
never to use merthiolate again. 
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Physical examination on March 5, 1956 revealed 
an acutely ill man. His eyes, ears, nose and throat 
were normal. The heart and lungs were normal. 
The abdomen was negative except for tenderness 
in the right upper quadrant. Examination of his 
genitalia revealed that the right testicle was in the 
scrotum; the left testicle was undescended. There 
was marked edema of the external genitalia with 
purple discoloration and areas of abrasion on the 
penis. The penis was acutely tender to touch. 

The impression at that time was an allergic reac- 
tion to merthiolate. He was hospitalized and treated 
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Fic. 5. Case 1. Gangrenous shaft of the penis. 


Fic. 6. Case 11. The penis following débridement. 


Fic. 7. Case u. Extent of skin coverage obtained by utilizing the foreskin, scrotum and pubic skin. 


with ACTH, benadryl, hot packs, calcium glu- 
conate and antibiotics. On March 7, 1956 the 
swelling became more acute and secondary infec- 
tion appeared. The hot soaks were discontinued 
and ice packs were started. He signed his release 
from the hospital and stated that he could continue 
the treatments at home. He was next seen on 
March 20, 1956. At this examination there was 
an area of gangrene on the penis extending over 
the entire dorsal surface of the penis and around to 
the ventral surface. The area was clearly demar- 
cated. The appearance was black and leathery. 
The skin on the ventral surface overlying the 
urethra was not involved. (Fig. 5.) 

He was readmitted to the hospital and on 
March 21, 1956 under sodium pentothal anesthesia 
a surgical débridement was carried out. (Fig. 6.) 
The necrotic area was completely debrided down 
to healthy, freely bleeding tissue. He had never 
been circumcised so that by utilization of the fore- 
skin, the abdominal wall and, scrotum it was 
possible to cover the entire shaft of the penis. A 
catheter was inserted into the bladder and saline 
dressings applied. He was given 5 mg. of stil- 
besterol three times a day and triple bromides to 
control his insatiable sexual desire. He had an 
erection twenty-four hours postoperatively and 
tore out some of the sutures. He was continued on 
antibiotics and moist dressings. On March 30, 1956 
the scrotal skin flap was resutured. On April 9, 
1956 a small triangular area was approximated 


under local anesthesia. He was discharged from 
the hospital on April 13, 1956. When he was last 
seen on July 22, 1956 the entire area had healed. 
There was a redundancy of skin behind the glands 
and a scarred area at the left base of the penis 
which was tender to touch. The scrotum had 
assumed its normal position. (Fig. 7.) 


Both of these patients were handled by 
surgical débridement down to viable bleeding 


‘tissue with primary closure. Drs. C. Steven 


Hatch and Rheim M. Jones [2] presented a 
similar case at this meeting last year resulting 
from an injury by a potato digger. They used a 
split-thickness skin graft from the thigh. In our 
cases it was possible to get primary coverage 
by shifting the skin due to its extreme elasticity. 

It is our feeling that merthiolate, a commonly 
used and presumably innocuous mercury com- 
pound with antiseptic properties can be a dan- 
gerous preparation and should be used with 
caution. 
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Surgical Management of Decubitus Ulcers 
in the Post-traumatic Patient 


Cuar.es A. Husay, M.D., CLIFFORD C. KIEHN, M.D. AND WILLIAM R. Drucker, M.D.,* 


Cleveland, Obio 


‘From the Departments of Surgery, Western Reserve 


University School of Medicine, Highland View Hospital, 


_ Cuyahoga County, and University Hospitals of Cleveland, 


Cleveland, Obio. 


gyre medical and surgical management of 
decubitus ulcers in post-traumatic states, 
as well as in chronic disease, remains a chal- 
lenging problem to all caring for these patients. 
Although the problem of decubitus ulcers in 
paraplegics has been recognized for many 
years, management has generally been con- 
servative. Many of the patients remained 
chronically debilitated and bedfast, and little 
progress was made toward rehabilitation. It 
was not until the advent of World War u 
when surgeons reported their experiences in 
plastic closure of decubiti that a more definite 
surgical approach was advocated. It is not 
our intention to review completely the available 
literature on this subject, and we recommend 
the writings of Conway and associates [1,2], 
Gibbon and Freeman [3] and others [4,5] for 
historical data. 

We now recognize that patients who have 
sustained disabling trauma as well as those 
with chronic diseases are kept alive longer 
by the ever increasing advances in medicine 
and surgery. With increased longevity, this 
group of patients frequently can be offered 
hope of satisfactory rehabilitation. This can 
lead not only to complete independence in 
their homes, but also, to many, a means of 
earning their own livelihoods, thus easing the 
economic strain on federal and local govern- 
ments and making available hospital beds for 
patients with other disorders. 

Although in the past armed conflict has 
produced the greatest number of paraplegic 


and quadriplegic patients, automobile acci- 


dents, industrial accidents and civilian gun- 
shot wounds are rapidly increasing, so that 
these patients are no longer confined to 
veteran and army hospitals but must be 
treated in the daily practice of general and 


TABLE I 
DIAGNOSES IN TWENTY-SIX PATIENTS WITH 
THIRTY-EIGHT DECUBITI SURGICALLY REPAIRED 


Paraplegia: 
Quadriplegia: 
Hemiplegia: 
Cerebrovascular accident.................. | 4 
Bilateral 1 


reconstructive surgeons. The diagnoses in the 
patients included in this study are listed in 
Table 1. It is therefore more important than 
ever that all physicians, as well as surgeons, 
realize what can be done to prevent and to 
treat, decubitus ulcers. It is the aim of this 
presentation to aid in the increased awareness 
for partial and total rehabilitation of patients 
so afflicted. 

The Highland View Hospital in Cuyahoga 
County was established in 1953 and has 450 
beds for the purpose of rehabilitating patients 
with chronic diseases. This type of hospital 


* Charles O. Finley Research Scholar, American College of Surgeons. 
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Fic. 1. Photograph of patient J. K., illustrating the 
three most common sites of decubiti: sacral, ischial 
and trochanteric. 


is still fairly unique in the United States, in 
that no acutely ill patients are admitted for 
care and, in general, no patient can be ad- 
mitted who will not be hospitalized for thirty 
days or longer. The establishment of general 
hospital facilities and an extensive department 
of physical medicine and rehabilitation has 
gone far to attract the attention of referring 
hospitals and physicians. Also, close coopera- 
tion between the physical therapists, neuro- 
surgeons, urologists, orthopedists and surgeons 
has resulted in conferences and consultations 
about particular patient problems and long 
range plans for reconstructive surgery and 
rehabilitation. 


ETIOLOGY AND PATHOLOGY OF DECUBITI 


Much has been written about the etiology 
and pathogenesis of decubitus ulcer. Brown- 
Sequard [6] concluded that decubiti are the 
result of continuous pressure. Charcot [7] ad- 
vanced the neurogenic trophic factor, and 
later Munro [8] suggested a disturbance of 
autonomic reflexes involving the skin below 
the site of cord transection. 

It appears, however, that the most important 
factors in the production of decubitus ulcers 
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(Fig. 1) are prolonged pressure and a dis- 
turbed metabolic state, including anemia, 
malnutrition with protein depletion, . and 
infection, both local and systemic. Battle [9] 
lists five factors which he concludes are the 
most important in the development of decubiti. 
They are: (1) complete immobility of the 
paralyzed man; (2) the configuration of the 
bony skeleton in the regions that leave un- 
guarded promontories of sacrum, hip and 
femur to bear the dead weight of the paralyzed 
patient; (3) humidity of bedclothes and skin 
of the pelvic girdle in one who is usually 
incontinent of urine and feces or confined to 
bed; (4) vasomotor disturbance, particularly 
in higher cord lesions about Ts, where splanch- 
nic nervous control is eliminated; (5) complete 
loss of sensation below the spinal cord lesion. 
The last is thought by us to be one of the most 
important factors related to prolonged pressure, 
since in the normal person sensations from the 
skin cause slight changes in position even in 
sleep, whereas in the paraplegic this protective 
reflex is absent. It has been shown by Sir 
Thomas Lewis [10] that the pressure required 
to arrest circulation in the skin is 50 to 60 mm. 
Hg, and Freeman [11] has shown that an ulcer 
will develop after six to twelve hours of 
ischemia. 
Yeoman [12] has described the stages in the 
formation of a bedsore as follows: (1) partial 
skin loss resembling an ordinary abrasion with 
erythema and thickening of the skin; (2) de- 
struction of the full thickness of the skin pro- 
ducing a black necrotic area; (3) necrosis of 
underlying fat followed by muscle and fascial 
necrosis and infection; (4) exposure and osteo- 
myelitis of underlying promontory bone. 
Kostrubala [13] has described the micro- 
pathology of the ulcer itself and has pointed 
out that the most striking changes are in the 
arteries. The walls of these vessels are markedly 
thickened, particularly the muscularis. At 
times only the intima shows proliferative 
changes, with gradual diminution of the 
lumen and subsequent multiple thromboses 
and necrosis of tissues. Many pathologic 
organisms have been cultured from decubitus 
ulcers. The anaerobic streptococci by their 
development of extensive gangrene are most 
commonly responsible for rapid progression of 
ulcers. Most authors who have done extensive 
bacteriologic studies agree that no one type of 
organism is commonly isolated. Conway [2] 
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points out that amyloidosis and soft tissue 
calcification often occur in paraplegic patients 
with decubiti. 


GENERAL CARE 


In 1940 Astley [14] discussed the preventive 
treatment of decubiti in vogue at that time, 
and it is worthy to note that except for local 
protective therapy little was offered in the 
way of prophylaxis. Many types of mattresses 
and supports have been described, including 
water, sawdust and air mattresses, all so 
designed to equalize pressure on body tissues. 
Moulded body casts were also advocated by 
Cope and Fres [15], apparently without great 
success. Recently, foam rubber mattresses and 
alternating air pressure mattresses have been 
used with more success along with other protec- 
tive technics. 

With recent availability of the Foster and 
Stryker frames, frequent turning of the bedfast 
patients every two hours can be of great help 
in preventing pressure sores. Regular rotation, 
however, takes a good deal of time, effort and 
personnel to accomplish. It is obvious that 
prolonged position in the frames is as bad as 
continued pressure in an ordinary bed. Meloy 
and Harding [16] state that one competent 
nurse can take care of three paraplegic patients 
efficiently as part of her daily duties. Since 
most hospitals are faced with a chronic shortage 
of graduate nurses, practical nurses, aides 
and orderlies must be carefully trained in the 
care of these patients in order to utilize 
registered nurses for more exacting duties 
elsewhere on the wards. After explanation the 
intelligent bedfast patient who has some 
mobility can shift himself in bed or‘call for 
rotation of the Stryker and Foster frames. 
Meloy and Harding [16] have emphasized 
that early and prompt treatment can be com- 
pletely satisfactory, and they have pointed 
out that many paraplegics were returned to the 
United States from Korea without decubiti. 

It should be emphasized that each patient 
with decubitus ulcer is an individual personality 
problem, and rigid decubitus or paraplegic 
routines are not feasible. Since all our patients 
have been admitted from home or other 
hospitals for rehabilitation, the physical medi- 
cine phase of our program is immediately 
started with active and passive exercises. 
Prevention of further pressure necrosis is 
stressed, and tissues are kept dry and padded 


with sponge rubber or pillows to prevent 
further breakdown. 

Contamination of pressure sores is kept to a 
minimum by good nursing attention and 
periodic enemas as indicated. Urologic con- 
sultation is obtained and urinary tracts are 
investigated for chronic infection, stones and 
contractures. Most patients are placed on 
constant or tidal drainage. Urinary anti- 
biotics are used to prevent chronic and re- 
curring urinary sepsis. In several cases supra- 
pubic drainage and/or complete diversion via 
ileal pouch with ureteral transplants has been 
done to prevent continued soiling of decubitus 
ulcers. 

Patients who can be partially ambulated do 
so, and suitable patients are placed on the 
tilt board. In general, however, patients with 
large sacral, ischial or trochanteric decubiti 
are kept recumbent until surgical repair is 
accomplished. 

Professional consultations are obtained for 
all related problems and the rehabilitation 
conferences plan long range objectives for 
treatment. Most cord lesions have been ex- 
plored elsewhere and neurosurgical and ortho- 
pedic opinions are obtained if rhizotomies or 
neurectomies are considered helpful. 

The nutritional care of this group of pa- 
tients, although frequently emphasized, must 
be more carefully considered than by merely 
ordering high protein, high caloric, high vitamin 
diets. It has been well documented that large 
protein losses, 30 gm. or more daily, may occur 
through open wounds [17~19]. It has been our 
experience that paraplegic patients with de- 
cubiti often have anorexia associated with 
anemia and hypoproteinemia, and must be 
carefully encouraged to resume a more ade- 
quate food intake. The help of a competent 
and sympathetic dietitian along with attractive 
presentation of trays is of great help in pro- 
moting protein and caloric intake. 

Table 11 consists of data obtained from one 
patient (T. T.) with extensive decubiti. These 
data demonstrate the improvement that can 
be obtained by continued strict attention to 
better nutrition. This patient existed for 
three months on a marginal intake of protein 
and calories, to the detriment of wound healing. 
The data in the first column were obtained 
at the time of his transfer to the surgical 
division. With the personal interest of the 
nursing and dietetic staffs, his appetite and 
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food intake increased. His improvement was 
manifested by a rise in total circulating pro- 
teins from 142 to 259 gm., an increase in blood 
volume from 4,410 to 5,990 ml. and an increase 
in body weight from 65.5 to 72 kg. His nitrogen 
balance remained strongly positive throughout 


TABLE 11* 
Patient T. T. I rt ll 
Body weight (kg.)............. 65.5 68 72 
Total protein (gm. %)......... 6.35| 6.54| 7.88 . 
Hematocrit (%)............... 49 41 44 
Blood volume (ml.)............| 4,410 | 5,970 | 5,990 
Plasma volume (ml.)........... 2,242 | 3,520 | 3,320 
Total circulating protein (gm.)..| 142| 250] 259 
Red cell mass (mlI.)............ 2,168 | 2,450 | 2,670 


* Data obtained in patient T. T., a forty-four year 
old man with paraplegia secondary to lymphoma of 
spinal cord. On admission to surgical division (3/6/56) 
he was markedly malnourished, with multiple decubiti 
of sacrum, trochanters, knees, ankles and heels. With 
adequate nutrition an improved metabolic state was 
obvious on 3/26/56, and further improvement noted 
3 wk. later. Successful surgical repair of sacral and 
trochanteric decubiti was then done and spontaneous 
healing of the other small pressure sores occurred. 


the study period and averaged 7 gm. of nitrogen 
retained during the final week. One factor 
from this study that should be re-emphasized 
is the unreliability of protein and hematocrit 
determinations as indices of nutritional state 
[20,21]. Serial determinations of total cir- 
culating proteins, red cell mass and body 
weight reflect more accurately nutritional 
improvement. 
Routine laboratory determinations are made 
including blood volume studies with radio- 
active iodinated albumin. Plasma protein and 
electrolyte studies are made and deficiencies 
corrected where possible. Hemoglobin levels 
are restored by transfusion. | 
Local care of the decubiti consists of fre- 
quent débridement by careful surgical means, 
atraumatic dressings using fine mesh gauze 
impregnated with xeroform,® and_ periodic 
irrigations with Dakin’s or chloramine “T” 
solution until a clean, healthy, granulating 
bed is obtained. Moist dressings are avoided 
as they encourage the growth of saprophytic 
organisms. Prior to closure of ischial decubiti, 
the large bowel is prepared with oral neo- 
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mycin® for forty-eight hours prior to surgery 
and enemas are delayed postoperatively to 
prevent fecal contamination of suture lines. 
It is extremely important to select the optimum 
time for the surgical repair, and here clinical 
experience is the best guide. A patient who is 
not anemic or febrile and who is gaining weight 
presents the smallest surgical risk. In addition, 
the decubitus itself should be free of surround- 
ing cellulitis and have a good pyogenic mem- 
brane, and the granulations should be flat, 
shiny and smooth with an edge of purplish 
blue epithelial growth. In every case drainage 
from osteomyelitic processes cannot be com- 
pletely obviated before surgery, but necrotic 
tissue should be at an absolute minimum. 

Although rehabilitation can be started early, 
contractures prevented and muscle strength 
gained, true mobilization of the paraplegic 
depends on rapid and permanent closure of 
decubiti by plastic means, which will stand up 
to transfer technics, braces and wheel chair 
activities. It is therefore imperative to close 
these cutaneous defects as rapidly as possible 
to prevent continued protein losses and to 
minimize the degenerative effects of local 
infection. 


. SURGICAL METHODS 


In most instances no anesthetic agent is 
employed in the paraplegic patient. In the 
patients with lower sensory levels the choice 
of an anesthetic agent is spinal, supplemented 
if needed by intravenous seconal.© Hypo- 
tensive states can be avoided by preoperative 
blood replacement and generous transfusion 
of whole blood during surgery. An average of 
1,100 cc. of whole blood was used in our 
patients. Considerable blood loss may be 
anticipated and sponges should be weighed 
for estimation of blood replacement. Since 
some of these procedures are lengthy, the 
patient’s comfort on the operating table be- 


- comes important and care in positioning should 


be used. One aid in patient comfort we have 
used is a plywood board at the head of the 
table which allows change of position of the 
arms of the patient without the limitation 
imposed by arm boards. (Fig. 2.) This was 
developed by our anesthestist, Dr. Ali Gharib, 
and is greatly appreciated by patients who 
have had multiple procedures with and without 
the board. If the patient requires general 
anesthesia in the prone position, precautions 
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against aspiration and embarrassment of 
venous return must be made. The thoracic 
cage can be elevated on soft flannel rolls to 
allow adequate respiratory. exchange. Prior 
to surgery a large bore No. 15 needle is inserted 
into an arm or leg vein for fluid and blood 
administration. We believe that whole blood 
must be started near the beginning of the 
operation because most of these procedures 
are performed with the patient in the prone 
position which, by raising intra-abdominal 
pressure and retarding venous return, accel- 
— the loss of blood from the operative 
eld. 

Operative preparation of the decubitus ulcer 
is done by scrubbing the area with pHisoHex® 
and saline thoroughly and irrigating with an 
asepto syringe when necessary. The area 
used for rotation flaps is also prepared widely 
and the whole field is draped with care to allow 
adequate exposure and prevent contamination 
from the perineum. 

The surgical methods used to close decubitus 
ulcers are not original with us, but adhere to 
sound basic surgical and plastic methods for 
rotational flap coverage. No matter what the 
size of the defect, tissue must be brought in to 
fill it. If at all possible, the use of local tissue 
must be considered first; free grafts second; and 
last, tissue transported from a distance. If 
the defect is small, simple undermining and 
closure will suffice. If the defect is large, how- 
ever, and local tissue is available, the technic 
of rotation pedicle grafts should be employed. 
This type of flap is composed of epithelium 
and fat whose subsistence depends on the 
blood vessels located in the base. This factor 
is the cardinal point in the design of the flap 
since its survival can be impaired by too 
narrow a base in relation to its length and by 
rotation at its base at too sharp an angle. 
Previous descriptions of similar technics have 
been described by many authors. 

Sacral Closure. After draping for a sacral 
decubitus, broad-based skin flaps are outlined 
with dye and the area of the decubitus ulcer 
is excised along with the pyogenic membrane. 
Care is used to excise all communicating sinus 
tracts and pockets. All bleeding is controlled 
with fine cotton ties and electric coagulation. 
Although electric coagulation has theoretic 
disadvantages in producing increased tissue 
necrosis, we have used it to control troublesome 
bleeding in the wounds and in exposed bone. 


Fic. 2. Model illustrating plywood board used in 
surgery when procedures are done with the patient 
in the prone position. This board allows more freedom 
of arms, with greater comfort to the patient. 


It should never be used, however, on the edges 
of the proposed rotation flaps. 

The exposed bony prominences of the sacrum 
are then removed with an osteotome, and 
the coccyx and lower sacrum are removed if 
involved with the inflammatory process. It is 
imperative here to remove an adequate amount 
of bone to insure easier closure and facilitate 
final healing. After all the pyogenic membrane 
and bone are removed, the previously outlined 
flaps are incised to the fascia of the gluteal 
muscles and undermined with the subcutaneous 
fat. All bleeding is controlled with No. 5-0 
cotton sutures. In addition to those stated 
previously, every precaution must be taken 
not to interfere with the blood supply. Too 
often flaps with the proper design are lost due 
to inability of the surgeon to use atraumatic 
technic in handling the grafts. Great emphasis 
must be placed on the use of small instruments 
to prevent crushing of large masses of tissue. 
Hemostasis must be effected without adding 
excessive amounts of suture material, all of 
which contribute to inflammation, thrombosis 
and necrosis of tissue. Skin hooks are employed 
to good advantage during this stage of mobiliza- 
tion. Depending on the size and location of the 
sacral decubitus, one or two flaps are elevated. 
If possible, one rotation flap is desirable. This 
obviates the presence of a suture line over the 
site of the previous ulceration. In larger 
decubiti where two rotation flaps have been 
used, however, the presence of a midline scar 
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has not been a serious disadvantage in the 
patients with sacral decubiti. 

After hemostasis is obtained in the operative 
field, the rotation pedicle grafts are approxi- 
mated with interrupted sutures of No. 4-0 
cotton in layers and the edges of the flaps 


TABLE III 
RESULTS WITH OPERATIVE CLOSURE OF 
THIRTY-EIGHT DECUBITI IN TWENTY-SIX PATIENTS 


Hubay, Kiehn and Drucker 


Suc- 
Re- Success- pny cessful Per 
Location of paired 2s on with cent 
Decubiti Surgi- vated | Second| Suc- 

cally Proce- | Proce- | proce. | cessful 

dure dure Gece 
16 12 4 3 04 
10 7 3 2 90 
Trochanteric..... 8 8 o o 100 
Miscellaneous... . 2 2 100 
38 31 7 5 905 


sutured to the surrounding tissues, under- 
mining where necessary. In most instances 
complete closure can be achieved with the 
avoidance of tension. In certain patients, 
however, a split-thickness skin graft is used to 
cover the defect left by the rotated flap. In the 
occasional patient, due to insufficient adjacent 
tissue for donor flaps, delayed pedicle flaps 
must be constructed and then advanced by a 
later procedure. 

Following the layer closure of the advanced 
flaps, two Penrose drains are inserted into 
the depths of the wound along with a small 
soft rubber catheter for irrigation of neomycin. 
The skin is then closed with continuous No. 38 
stainless steel wire. Skin closure should be 
meticulously done, as atraumatically as pos- 
sible. Xeroform gauze is then laid over the 
entire area and a voluminous pressure dressing 
applied, held in place by elastoplast, and/or a 
scultetus binder. We have learned, as Pick [22] 
has emphasized, that in placing the final 
dressing it is necessary to exaggerate the dorsal 
splinting of the buttocks to prevent tension 
on the suture lines by the pull of gravity on the 
redundant tissues of the paralyzed hip girdle. 
Neomycin 0/5 dissolved in 10 cc. sterile saline 
is instilled through the small catheter daily 
fer five days, after which the catheter is 
removed. The drains are removed on the 
seventh to tenth day, and the cutaneous wire 
sutures are removed on the fourteenth day 


after operation. Weight bearing is withheld 
until three weeks after complete healing. 

Ischial Closure. Ischial decubiti occur in 
paraplegics as a result of prolonged sitting in 
improperly padded chairs or after undue pro- 
longed pressures. Three methods of repair have 
been used at this hospital. For small ischial 
ulcers, excision of the ulcer and underlying 
bursa, and limited removal of the ischial 
tuberosity with primary closure in layers have 
been used. It has been our experience, however, 
that rarely is this operation adequate. More 
recently we have used lateral advancement, 
rotational, full-thickness flaps for coverage 
after excision of the ulcer and radical excision 
of bone. A third method for rotational flap 
closure involves the construction of a broad 
base, posterior, medial thigh flap to cover the 
defect. Blocksma [23] and Comarr [24,25] have 
emphasized the necessity for radical ischiec- 
tomy in these cases, and we have adopted their 
routine for wide removal of the ischial tuber-_ 
osity. We then close the defect with muscle flaps 
and fascia, rotating skin flaps for coverage. 
Additional skin grafts may be necessary tu 
cover defects left by the advanced flaps, but 
undermining the thigh tissues widely will 
often permit closure. Ischial decubiti should be 
repaired with the patient in the jackknife 
position or in approximately the same one 
as the patient will assume sitting in a chair. 
This will allow a better final result and will 
minimize excessive tension when the patient 
becomes upright. 

Trochanteric decubiti are handled in the 
same general way. Small, superficial decubiti 
may be treated by excision and closure or the 
rotation of a single flap. More extensive 
decubiti require radical removal of the entire 
greater trochanter and one or two rotational 
flaps for closure. 

Georgiade, Pickrell and Maguire [26] have 
recently reported their experiences with am- 
putation and total thigh flaps for trochanteric 
decubiti with good results. We have seen cases 
in which this would be desirable but either the 
patient or his family has refused to allow the 
amputation necessary to complete the pro- 
cedure. In general, most trochanteric decubiti 
can be closed with rotational flaps after suitable 
removal of the trochanter. 

Although sacral, trochanteric and _ ischial 
decubiti are the most common, they are found 
elsewhere on the body, and in some patients 
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Fic. 3. Postoperative photograph of patient R. H., 
a sixty-three year old woman with multiple sclerosis. 
Double rotation pedicle flap closure of extensive sacral 
decubitus. 


numerous decubiti are observed wherever there 
is undue pressure on a bony prominence. In a 
large number of patients these can be handled 
by conservative means, but occasionally it is 
medically expedient to close these by simple 
plastic methods. 


RESULTS 


Although the number of cases reported 


herein is relatively small, the final results 
have been gratifying. (Table 11.) Sixteen 
sacral decubiti have been operated upon and 
thirteen were repaired by the double flap 
rotation method. (Fig. 3.) Three were covered 
with single full-thickness rotation flaps. (Fig. 
4.) Of the thirteen double rotation procedures, 
nine were primarily successful. Four were 
classified as failures owing to partial flap 
necrosis of one or both flaps, necessitating a 
subsequent procedure. The three single flap 
procedures were all successful. 

Of the four failures in the double rotation 
flap group, three were successfully closed 
with a second procedure, two of these with a 
subsequent double flap technic and one with a 
split-thickness skin graft. The one secondary 
failure resulted from accidental dislodgement 
of a split-thickness skin graft in a patient with 
necrosis of a portion of both flaps. 

Successful closure was obtained primarily 
in twelve or 75 per cent of the sixteen patients. 
Successful secondary closures resulted in three 
more patients, giving fifteen (94 per cent) 
final good results. Complications in the 
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Fic. 4. Postoperative photograph of patient M. D., 
a twenty-two year old woman with quadriplegia 
secondary to a gunshot wound of the cervical region. 
Single rotation pedicle flap closure of sacral decubitus, 


twelve patients whose wounds healed _pri- 
marily were minor, and consisted of sub- 
cutaneous serum collection and formation of 
hematoma or small, superficial skin necrosis 
which healed rapidly after removal of sutures 
without prolonged difficulty for the patient. 
In one patient secondary closure of the central 
portion of the flaps was done to facilitate 
healing which occurred rapidly without sub- 
sequent complications. 

Ten ischial decubiti were repaired in seven 
patients. Eight repairs were done with excision 
and rotational flap closure. (Fig. 5.) Two were 
done by excision and primary closure. Seven 
of the ten repairs healed per primam and 
three were classified as failures. One excision 
and closure repair healed after evacuation of a 
hematoma, only to break down again soon 
after weight bearing. The three cases classified 
as failures included this previously mentioned 
patient and two more who had repairs. In 
one of these patients a minor wound abscess 
developed with breakdown of a tip of a flap; 
in the second patient the repair failed following 
a severe hemolytic transfusion reaction with 
anuria but there was subsequent recovery. 
Secondary flap procedures have been done 
successfully in two of these three failures, and 
at the present time we have not attempted 
repair of the third owing to his recent recovery 
from the transfusion reaction. Successful final 
closure has been obtained in nine (go per cent) 
of the ten ischial ulcers. 

Eight trochanteric decubiti were closed 
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Fic. 5. Postoperative photograph of patient D. B., 
a twenty-two year old woman with quadriplegia 
secondary to an automobile accident. Single rotation 
pedicle thigh flap after radical ischialectomy. Previous 
sacral closure had been done. 


f 


Fic. 7. Postoperative photograph of patient D. K., 
a twenty-one year old man with paraplegia following 
a gunshot wound of the thoracic region. Double rota- 
tion pedicle flaps for sacral and lumbar decubitus 
ulcers after radical excision of spinous processes. 


and all healed primarily. (Fig. 6.) The two 
lumbar (Fig. 7) and two miscellaneous decubiti 
healed successfully without requiring secondary 
procedures. 

An analysis of failures in repair of decubiti 
reveals that breakdown or early recurrence is 
usually the result of: (1) inadequate excision 
of ulcer, leaving behind fibrotic, edematous 
or infected tissues; (2) inadequate excision of 
bursae and bony prominences; (3) excessive 
tension of suture lines; (4) poorly planned and 
constructed flaps; (5) local wound complica- 
tions such as hematoma and infection; (6) 
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Fic. 6. Postoperative photograph of patient J. K., 
a thirty-three year old woman with multiple sclerosis. 
Single rotation pedicle flap for trochanteric decubitus 
after excision of greater trochanter of femur. 


exacerbation of the patient’s underlying disease 
or systemic infection. 

Although successful repair of decubiti can 
be achieved ‘in a high percentage of patients 
[11,27—-35], it should be emphasized that when 
factors which allowed the original decubiti 
to develop are not prevented after closure, 
recurrence is inevitable at least in adjacent 
tissues. It is in this area that progress remains 
to be made. Intelligent handling and education 
of these patients is not always possible, par- 
ticularly in the group with chronic systemic 
diseases, so that continued supervision of these 
patients must be maintained either in the 
hospital or in the home. 


SUMMARY 


The medical and surgical management of 
decubitus ulcers has been discussed, and 
experience in a hospital for chronic diseases 
reviewed. Emphasis on close cooperation 
among all caring for paraplegic patients and 
others needing rehabilitation has been stressed, 
and the personal and community benefits 
have been noted. 

Radical surgical excision with rotational 
pedicle flap closure is now an accepted method 
of treatment. Mobilization of the paraplegic 
depends on rapid and permanent closure of 
cutaneous defects which will withstand braces, 
wheel chair activities and transfer technics. 
Because of the harmful metabolic effects of 
open draining wounds, these patients must be 
replenished with protein, hemoglobin and 
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electrolytes by intensive means before surgical 
closure is undertaken. 

Thirty-eight decubiti were surgically repaired 
in twenty-six patients, with successful closure 
in 95 per cent of the cases. Reasons for failure 
or early breakdown have been reviewed. 

The rehabilitation of the chronically de- 
bilitated and bedfast patient remains a chal- 
lenging problem not easily solved by physicians 
and community alike. Intelligent planning and 
proper patient care can lead frequently to 
satisfactory rehabilitation and complete in- 
dependence for this group of often neglected 
patients. 
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DISCUSSION OF PAPERS BY DRS. CONNELL, BOWE, 
DEL GUERCIO AND ROUSSELOT; SPEIRS AND 


WILLIAMS; AND HUBAY, KIEHN AND 
DRUCKER 


Curtis P. Artz (Jackson, Miss.): Dr. Connell 


has provided a great service, I think, to his com- 
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munity in organizing a burn team that will achieve 


the fine results which he has exhibited. I would 


like to make a plea to those who are responsible 
for surgical services in large centers and must 
take care of severe burns from time to time, that 
we attempt to organize a team so that better 
management can be given to this type of severe 
injury. 

I think it is most difficult for one surgeon to 
integrate the case of the severely burned patient 
with other general surgical procedures. There is 
not enough time in the operating room; there is 
not enough help. An increased emphasis on all 
the problems of trauma is greatly needed. Burn 
teams or centers should be organized so that the 
burn patient can receive better care. The burn 
patient is a general surgical patient and I do not 
think his case is particularly unusual except that 
it takes a great deal of time and work. 

The group at Brooke Army Medical Center has 
now employed excision in several severely burned 
patients, excising as much as 48 per cent of the 
body surface. 

This is not a practical approach for the average 
general surgeon. Such a procedure takes a large 
team of people, as does open cardiac surgery. 
Early excision of extension areas should be carried 
out only in specialized centers. However, excision, 
within the first two days, of small areas, such as 
the posterior aspects of the hands or areas up to 
approximately 10 per cent of the body surface 
is a feasible and practical approach. 

I would like to ask Dr. Connell what he meant 
by the “burn index.” A few years ago the group at 
Brooke Army Medical Center believed that second 
degree burns were not as severe as third degree 
burns, and analyzed the records of 405 patients 
in order to correlate the amount of second and 
third degree burn with survival, metabolic response 
and mortality. The second degree burn was ap- 
proximately one-half as serious as the third degree 
burn and therefore an index was devised. Each 
per cent of third degree burn received one point 
and each per cent of second degree burn one-half 
point. This gives a fairly accurate index of severity 
of trauma. 

I would like to emphasize again the use of 
tracheotomy. One positive indication, of course, 
is suspected respiratory damage or inhalation of 
noxious agents. One should not wait until the 
x-ray shows evidence of damage. If respiratory 
irritation is suspected tracheotomy should be per- 
formed. If there are full-thickness burns of the 
face, tracheotomy should be performed before 
extensive edema occurs around the neck. Eventu- 
ally tracheotomy will be necessary for the multiple 
anesthetics that are required for grafting over the 
full-thickness burn of the face. 

‘Donatp M. Gover (Cleveland, Ohio): The 


paper by Dr. Connell and his co-workers is a 
beautiful piece of work and certainly can be com- 
mended in every way. I have somewhat mixed 
feelings about this entire burn problem, in which 
I have been interested since 1920. We have gone 
around the circle in local treatment of burns; first 
the open treatment, then ambrine (which was a 
fairly good closed burn dressing), then the coag- 
ulation regimen, the closed dressing again, and 
now the open method. 

In retrospect, I think it is fair to say that the 
over-all mortality from burns now is about the 
same as before the war, but series are admittedly 
difficult to compare by any really adequate statis- 
tical method. This brings into focus a very good 
point just made by Col. Artz about the index for 
comparison. The mortality in the series of approxi- 
mately 1,000 burns which we presented before this 
society before the war was about the same as it is 
now, if we can compare accurately, and I admit that 
is very difficult to do. 

The significant difference between that group 
and those now being reported was the fact that 
more of the patients with fatal burns died sooner 
in the earlier series. Perhaps modern supportive 
therapy is more effective. On the other hand, we 
had fewer late deaths due to infectious complica- 
tions. One cannot help wondering if the antibiotic 
therapy has actually complicated the severe burn 
problem. The presentation of Dr. Connell and 
co-workers would suggest that as a_ possibility. 
In earlier days our only method of controlling 
infection was the use of local applications, mostly 
the hypochlorite solution dressing, which is still 
a more effective means of controlling local infection 
in a burn wound than the use of antibiotics. 

Dr. Hubay and co-workers have called attention 
to the factors which are really most important in 
the treatment of decubiti; first, the nutritional 
factor; second, the futility of performing minor 
procedures to correct them; and third, the correct 
construction of good flaps. 

I might add that it was my pleasure a few weeks 
ago to see some work in Detroit by Dr. Johnston’s 
group, and they used what to me was a very inter- 
esting and effective type of uni-pedicle, bi-lobed 
flap which worked very well. 

Cuirrorp L. KreHn (Cleveland, Ohio): There 
are a few points I would like to bring out regarding 
the paper by Dr. Hubay and co-workers empha- 
sizing the use of rotational flaps. 

Many times we do not judge the amount of lost 
tissue and try to close a defect with an inadequate 
number of square inches. In other words, if 10 
square inches of skin are lost, they should be 
replaced with 10 square inches of skin. This will 
prevent any postoperative complications such as 
loss of function if the defect is around a joint, 
particularly if there is a compound fracture with 
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partially avulsed and devitalized tissue lying over 
the fracture site. 

By wide undermining a defect may be closed if 
enough local tissue permits. However, if not enough 
tissue can be obtained by undermining, the large 
rotational flaps are advisable. The third choice is 
the free skin graft and the fourth is to bring tissue 
in from a distance by tube pedicles. 

Closure of some of these decubiti has been 
attempted by bringing in tube pedicles about the 
size of a thumb, which are inadequate to. close 
such large defects. After it is decided to use rota- 
tional flaps, the mortality or morbidity of the flaps 
can be prevented if the blood supply is not inter- 
fered with by using crushing instruments and by 
careless handling of the flaps, which may kink the 
blood vessels. 

The third point I wish to bring out is that we 
should probably try to break up the cycle of loss 
of proteins through these large granulating wounds 
by preventing the development of these decubiti. 
I believe that we should seriously consider the 
prophylactic removal of the promontories and 
prominences before the decubitus appears, particu- 
larly in patients we know are not going to get up 
on their feet again. 

Davip W. Rosinson (Kansas City, Kan.): I 
should like to say a word about chemical burns of 
the penis, the presentation very timely brought to 
mind by Drs. Speirs and Williams. 

Although these two injuries were induced by the 
patients’ own efforts, | am rather sure that a good 
many of these iatrogenically induced traumas are 
not reported. I think it behooves us, particularly 
those who teach the house staff, to be very careful 
of commonly used agents, particularly merthiolate. 
I am sure all of us have seen some of these bad 
reactions. I have seen in consultation three which 
have caused considerably prolonged hospitalization, 
although they have not gone to the very poor termi- 
nus that Drs. Speirs and Williams’ patients have. 

We have seen other types of chemical injuries to 
the penis from the use of lysol or carbolic acid packs. 
Why anybody would want to use these I do not 
know, but we have seen such a case. We have seen 
rather bad sloughs after circumcision. 

Drs. Speirs and Williams have shown rather 
nice salvage of their patients from the coverage 
standpoint. However, I do think it should be 
emphasized again that, from the standpoint of 
teaching, these strong chemicals should never be 
used around wounds, and, because of coloration, 
they certainly should not be used on exposed distal 
tips of the body (fingertips, toe tips); certainly they 
should not be used around the face or in the 
perineum. 


Decubitus Ulcers in the Post-traumatic Patient 


James F. ConneE Lt, Jr. (closing): Replying to 
Dr. Artz, the burn index is exactly as he described 
it. Actually, we transferred our percentage of burn 
to the burn index following a very excellent paper 
by Dr. Artz and his associates of the Surgical 
Research Center in Brooke in 1954. 

The burn center plea is a very important one. 
The fact that Dr. Robert Kennedy has found it 
possible to send a fair number of his burn patients 
to St. Vincent’s has given us the opportunity to 
work on a larger number of burns than possibly 
any other hospital in New York City. 

Secondly, a study of the hospital care of the 
severe burn before the burn unit was established 
and a comparison of what resulted from the odd 
man treating the severe burn perhaps once in his 
career with the results obtained by a burn team 
is quite dramatic, and emphasizes the need for the 
center even more so. 

I would like to bring up another point, and that 
is the use of proteolytic enzymes. In San Francisco 
we are reporting on one enzyme that may become 
commercially available. However, I would like 
to bring this out: An enzyme is very specific for 
the substrate on which it is to be used. If you use 
varidase® on collagen, all you obtain is a wet soak. 
It has no more effect on collagen than water or 
saline would have on it, i.e., to wet it down. 

I bring this up because an expensive waste can 
result from the improper use of enzymes, and also 
the fact that the enzyme can serve as a test tube 
for the culture of organisms, with resultant infec- 
tion and sepsis; enzymes must therefore be used 
under very careful supervision. When the materials 
become available, the literature will bring out in 
detail how the enzyme should be applied and 
utilized. 

Ricuarp E. Speirs (Dodge City, Kan.): I think 
everybody has seen multiple, very minor burns 
from the use of merthiolate. Since being in Cali- 
fornia a friend has reported that one hospital 
recently threw merthiolate out of their obstetric 
department following complete slough of the labia 
in an obstetric preparation. 

Cuartes A. Husay (closing): I have one final 
comment to make about the closure of decubiti. 
We all work hard many hours in the operating room 
and many months getting these patients in fairly 
good shape, and then these patients leave the 
hospital and before long are back with further 
decubiti. I think it is important for us as physicians 
and reconstructive surgeons to educate the patient, 
the patient’s family and all personnel who will be 
handling him. In this way we can help prevent 
complications from recurring after all our effort 
and teamwork. 
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The Courage of Simplicity 


BaRBARA B. Stimson, M.D., Poughkeepsie, New York 


Fi several years before his death Dr. Clay 
Ray Murray frequently, on many plat- 
forms, urged the wider use of open reduction 
and internal fixation in suitable cases when 
proper equipment and adequate technic were 
available. He was told in vigorous terms that 
such methods were for the medical centers only 
and were neither practical nor suitable for the 
smaller hospitals. How the pendulum has 
swung! Intramedullary pins are being inserted 
in sites from phalanges to femurs; in some areas 
general practitioners are pinning hips, and the 
use of plates and screws is considered quite 
old-fashioned. 

Those of us who had our formal training 
before the days of joint prostheses, intra- 
medullary pins, cortisone and the antibiotics 
have seen other and simpler methods of treat- 
ment produce reasonable results. We have 
something to fall back on in those cases in 
which for some reason operation is contra- 
indicated. But are we not taking that knowl- 
edge and experience too much for granted? Are 
we passing it on to the present generation of 
students, interns and young doctors? The pres- 
sure is great in this group to use the modern, 
much publicized methods. Thanks to the 
popular press the patients know about new 
joints for old, steel rods in broken bones and 
the miracle drugs, and they are requesting 
them. It takes courage and experience to make 
the patient understand that in his case a 
simpler method is wiser. 

There are three main groups of cases in 
which simple measures are indicated. Most 
children’s fractures comprise the first group. 
Dr. Blount has emphasized this in his book 
-and it needs no enlargement here. A case to 
illustrate this is that of a newborn, with an 


obvious injury to the knee from breech deliv- 


ery. An attempt at closed reduction was 
quickly abandoned when the foot became 
momentarily bluish white and pulseless. Opera- 
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tion was urged by many of the surgeon’s 
colleagues, but he decided to abide by the 
advice of those who recommended leaving it 
alone. The end result proved the wisdom of his 
decision. 

The second group consists of those patients 
with multiple injuries where any prolonged or 
complicated procedure may jeopardize life. 
It is not necessary in such a case to allow the 
fractures to remain untreated until such time 
as the patient’s condition will allow internal 
fixation. Many femoral fractures were well 
treated by skeletal traction or even by Russell 
traction in bygone days, and these methods will 
still work if properly applied. The following 
case illustrates this point. 


This patient was an ardent volunteer fireman, 
and in his eagerness to get to a fire he jumped for 
the engine before it had stopped. He ended up in a 
ditch with a dislocation erecta of the left shoulder, 
an open fracture of the right tibia and fibula, and a 
closed (but not simple) fracture of the left femur. 
His condition was poor; therefore the shoulder was 
reduced, the tibial wound débrided and the frac- 
ture plated, and skeletal traction applied to the 
femur. He was quite ill for some days; and when 
the physicians thought that operation on the 
femur could be considered, callus was present and 
surgery was decided against. Results on x-ray are 
not perfect, but there is no shortening and the 
man is back at full work with complete range of 
motion at the knee and hip. Incidentally, these 
films have been shown to several groups of fourth 
year students and interns, and go per cent have 
advised internal fixation of the femur. When it 
was brought out that the open fracture had to be 
treated first, they were at a complete loss as to 
how to handle the femur. 


The third group of cases is the community 
catastrophe where there are many casualties, 
all of whom must be cared for as quickly as 
possible. Simple but efficient methods must 
be used, for no time-consuming procedure can 
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be performed on any one patient at the sacri- 
fice of many others. 

These are no new ideas. Those of you who 
teach know them well, but of course you are 
using the most modern methods in your hos- 
pitals. Therefore I paraphrase the old saying, 
“What you do speaks so loud that the interns 
and residents cannot hear what you say.” 

The following two cases illustrate the danger 
of good methods applied wrongly, where Clay 
Murray’s dictum of the right patient in the 
hands of a surgeon with adequate technic and 
experience was not applied. 


The first is a skiing injury in a seventeen year old 
college student. The operation was performed in a 
small hospital near the ski slope where the girl 
fell. She was returned to her college ten days after 
the operation with her leg in a circular plaster, 
and with a note from the doctor stating that the 
cast was not to be removed for three weeks, that 
the wound was healed and that she had received 
penicillin each day postoperatively. Her tem- 
perature on arrival was 103°F. and she was in 
great pain. The cast was immediately removed 
and the wound opened to allow pus to escape. 
Incidentally, the organisms were insensitive to 
penicillin. She has undergone subsequent opera- 
tions to remove sequestra. 

The second patient was a workman with a 
closed transverse fracture of the humerus. Six 
months after operation he was receiving intensive 
physical therapy to try to restore shoulder motion. 
It was suggested that the attempts to move the 
shoulder would be more satisfactory if the pin 
which was impinging on the acromion were re- 
moved. This was done, but six months after that 
the shoulder motions had not improved markedly. 


Both these patients might have profited by 
so-called old-fashioned methods of treatment. 

In conclusion, as there are not enough sur- 
geons specializing in trauma to care for the 
increasing number of accidents of all kinds, 
especially in times of community or national 
disaster, emphasis in teaching and writing 
should be on principles and on methods within 
the powers of all doctors, rather than on elabo- 
rate procedures and the use of gadgets and 
operations that work only in the hands of the 
favored few. 


DISCUSSION 
GeorcE J. Curry (Flint, Mich.): This has been 


a very excellent presentation, and those of us who 
are charged with the educational programs in 
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hospitals should emphasize to our interns and 
residents that fractures may be handled in several 
ways. It is very pleasing to have Dr. Stimson 
refer to one of the most inspirational figures in 
fracture management I have ever known. We all 
remember that Clay Ray Murray was a physiologic 
idealist. He said, ““You wished the fractures into 
place and held them there by moral suasion, and 
then you did something for the fracture so that the 
patient could go on about his business while the 
fracture healed.” 

I am also glad to hear that Dr. Stimson still 
operates upon some of these displaced fractures. 

The principles of fracture management are 
constant. Methods change and we get enthusiastic 
about new approaches. Enthusiasm is wonderful 
if coupled with good common sense. 

Speaking of fractures in children, I would like 
to remind the Association that two years ago in 
Chicago a member of our staff presented a review 
of 2,572 fractures in children, covering a six-year 
period. Thirty fractures were treated by open 
reduction, but many should not have been. 

Henry C. Marsce (Boston, Mass.): You will 
notice, I presume, that the senior members of the 
society are making it a practice of being seen and 
not heard. I think that what Dr. Stimson has said 
has to a very large degree been said by most of the 
papers presented here. 

Most of these papers have urged simplicity and 
conservatism, and very few have recommended 
more radical procedures. From that it would seem 
that the pendulum has swung in the whole field of 
trauma and that Dr. Stimson is merely giving 
voice to the swing of the pendulum. 

Let me cite a few of the papers: The paper on 
history urged the necessity of taking a- careful, 
thorough, detailed history in every case of trauma. 
In this way one is equipped to evaluate the whole 
case properly and it may be that by thorough 
history taking unsuspected injuries will be found. 

Next, the paper on psychiatry urged the surgeon 
to keep the psychiatric effect of trauma constantly 
in mind. It is my hope that every member of this 
society has a thorough understanding of the 
anatomy, physiology and pathology of trauma, 
as well as the psychic reaction. It is as much the 
job of a good surgeon to know and understand 
this as it is to know his anatomy. If the doctor 
doves not understand this, he is not doing his job 
properly. 

Here again the very excellent paper on injuries 
to the chest called our attention to the fact that it 
is not always necessary to evacuate a hemothorax; 
that under proper control and circumstances con- 
servative treatment will give satisfactory results. 

The article on tracheotomy is another plea for 
simplicity. This author urged that if it is suspected 
that the patient is about to have respiratory 
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difficulties one should not wait, not procrastinate, 
not linger until the neck is so swollen that trache- 
otomy is difficult or until the patient is having res- 
piratory embarrassment. The tracheotomy should 
be performed when it is first considered. 

Of late there has been a wave in favor of open 
operation and internal fixation of intertrochanteric 
fractures. In the paper on these fractures the 
essayist urged that simple treatment and adequate 
traction plus suspension can and will give satisfac- 
tory results. Many years ago I looked up the end 
results of intertrochanteric fractures. In the entire 
literature there were very few fractures which 
were ununited. Conservative treatment can and 
does avoid a bloody, destructive and often fatal 
operation in an effort to save time and to put 
together the fractured bones in the intertro- 
chanteric area. 

The paper on cardiac arrest was excellent—again 
an urge for conservative management. The essayist 
urged the necessity of careful preoperative evalua- 
tion, electrocardiograms and thorough cardiac 
study, all this as an effort to diminish the number 
of cases of cardiac arrest which occur on the oper- 
ating table. 


Preston A. Wape (New York, N. Y.): I want 
to compliment Dr. Stimson for a very timely and 
wonderful paper. As I said recently, I think it is 
our duty to keep residents informed of the simplest 
methods of treatment and to indicate to them that 
rods, screws and plates are certainly useful in 
specific instances, but we must know that there are 
still simple methods of treatment. 

I have one other thing to say, and that concerns 
the challenge thrown to me by Dr. Curry about the 
hanging cast. I personally do not use the hanging 
cast. I use other methods and get good results. 
When I asked Dr. Curry why he uses the hanging 
cast, he said because he gets good results. I per- 
sonally do not like to put it on an affected arm in 
my Own cases. 

BarBarRA B. Stimson (Poughkeepsie, N. Y.): I 
would like to thank the various discussers for their 
very kind remarks. 

I agree wholeheartedly with what Dr. Marble 
said. As I listened to the various presentations 
throughout the meeting I began to wonder whether 
there was any reason for my paper; so many people 
were bringing out exactly the same thing that I 
was trying to do. 
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SYMPOSIUM ON TRAUMA INCIDENT TO 
HIGH SPEED AND HIGH ALTITUDE FLYING 


Hypoxia and Hyperoxia 


Capt. Crype H. Kratocnvit, M.c., u.s.a.F., Randolph Air Force Base, Texas 


From the School of Aviation Medicine, U.S.A.F., 
Randolph Air Force Base, Texas. 


present day operational conditions 
in the United States Air Force, the most 
potent threat to the aircrew member’s physio- 
logic well being is hypoxia. Until we have 
pressurized and sealed cabins which are virtu- 
ally free from mechanical failure, this consider- 
able problem will remain with us. 

The term hypoxia is now used to express a 
decrease in available oxygen for tissue respira- 
tion rather than anoxia which implies a total 
absence of oxygen. At altitudes of greater than 
50,000 feet, however, true anoxia supervenes, 
since here the alveoli are completely filled with 
carbon dioxide (Paco, = 40 mm. Hg) and 
water vapor (Pan.o = 47 mm. Hg). The exact 
altitude at which this effect occurs cannot be 
precisely stated since any degree of hyper- 
ventilation will lower the amount of CO, 
present and thus increase the partial pressure 
of oxygen. The total barometric pressure, 
partial pressure of oxygen and alveolar oxygen 
pressures are shown for various altitudes in 
Figure 1. The beneficial effects of moderate 
hyperventilation in raising the altitude ceiling 
and its effects on performance have been dis- 
cussed by Otis et al. [r] and Rahn et al. [2]. 

An interesting paper has been published by 
Strughold in which he coins the term bypoxi- 
dosis to describe any disturbance in oxidative 
metabolism [3]. He reserves the term hypoxia 
for the specific condition of a decrease in partial 
pressure of oxygen reaching the tissues. How- 
ever, in the Air Force, through careful physical 
selection and annual physical examinations, 


an attempt is made to eliminate any actual or 
potential cause of hypoxidosis (such as respira- 
tory tract disease, anemia and cardiovascular 
abnormalities) other than that due to the 
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Fic. 1. Pressures at altitude. 


nature of the atmosphere. The term hypoxia is 
presently used most commonly to describe the 
effects of lowered oxygen tensions in the in- 
spired air. 

It is pertinent here to discuss the extent of 
this problem in the Air Force, its symp- 
tomatology and what measures are taken to 
prevent its appearance. 
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Our basic knowledge of this subject was first 
developed in detail three-quarters of a century 
ago by Paul Bert [4]. Much of the research 
in this field was but a repetition of Bert’s work 
which was neglected until 1943. The fact that 
his scientific treatise was translated and re- 
edited for practical reasons fifty-nine years 
after his death has been termed “Paul Bert’s 
triumph” by a well known medical historian 


Although most combat aircraft of World 
War 11 flew at moderate altitudes by our present 
standards, more than 110 deaths and about 
10,700 cases of unconsciousness were reported 
as a result of hypoxia [6]. As shall be pointed 
out shortly, the aerial environment of the 
present day combat flyer is vastly more hostile 
than anything encountered in World War 1. 

The symptoms of hypoxia may be con- 
veniently divided into four stages [7]. The 
first, or indifferent stage, occurs between sea 
level and 10,000 feet. With the exception of 
night vision, measurable effects of hypoxia on 
performance do not become apparent until 
one reaches a pressure altitude of 10,000 feet. 
Any stay at this altitude for more than a few 
hours may produce symptoms of malaise and 
fatigue in the non-acclimatized person. (The 
subject of acclimatization and chronic altitude 
sickness, although important, cannot be dis- 
cussed in a paper of this scope.) Some subjects 
will have a pulse elevation beginning at an 
altitude of 4,000 feet [8]. Subjective symptoms 
are absent for all practical purposes. The 
second, or compensatory stage, exists between 
10,000 and 14,000 feet. At these altitudes one 
begins to see decrements in psychomotor per- 
formance, and there may be mild symptoms 
such as headache, feelings of breathlessness, 
and anxiety. In general, increased heart rate, 
blood pressure (systolic) and depth of respira- 
tion tend to prevent the appearance of overt 
symptoms. The third stage, the stage of dis- 
turbance, occurs between 15,000 and 20,000 
feet. The most dangerous symptom which may 
occur here is a marked degree of sensory impair- 
ment with euphoria. The subject is either no 
longer aware of distressing symptoms or is too 
disturbed to respond to them. In addition 
there may be diminished peripheral and central 
vision, loss of fine motor control, gross tremor, 
headache, anorexia, dizziness, and the like. 
It is of interest to note that anginal pain may be 
rare, even in patients with a history of angina 
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or myocardial infarction [9]. The fourth and 
final stage is the critical stage. It exists at 
altitudes between 20,000 and 23,000 feet. Here 
consciousness may be lost, convulsions may 
occur and death will supervene if exposure is 
prolonged. 


TABLE I 
TIME OF USEFUL CONSCIOUSNESS (MINUTES) 


Accidental Disconnect Explosive Decompres- 
sion 

Alti- 

tude 
(feet) 


Sitting |Moderately| Sitting |Moderately 
Quietly | Active Quietly Active 


22,000 10 5 5 2 
25,000 5 24 2 I 
28,000 24% I I A 
30,000 14 34 34 % 
35,000 34 % 
55,000 MY 4 


The foregoing classification, while useful 
for didactic purposes has many limitations. 
There is a marked variation in individual 
tolerances to altitude, but these become less 
apparent at higher altitudes and finally dis- 
appear. Exercise markedly reduces the ceiling 
as do such factors as physical fitness, the 
time at altitude, rate of ascent and ambient 
temperature. 

At altitudes greater than 20,000 feet the 
concept of the time of useful consciousness is 
of value. (Table 1.) This term is self-explana- 
tory, but there is a difference in the values 
obtained depending on the method of deter- 
mination. If one slowly ascends in an altitude 
chamber from sea level to 25,000 feet, there is 


_time for compensatory mechanisms to come 


into play. If the ascent is too slow, however, the 
time at altitude will have a cumulative effect 
and reduce the time the person can tolerate. 
Alternative methods would be to decompress 
the subject rapidly from sea level to 25,000 
feet or to remove the oxygen mask when at 
altitude. This latter method can be varied by 
having the subject breathe either an enriched 
air-oxygen mixture or 100 per cent oxygen 
prior to removal of the mask. 

Generally, with the mask removal method, 
breathing an air-oxygen mixture, the time of 
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useful consciousness at 24,000 feet is five 
minutes. At 30,000 feet it is about ninety 
seconds and at 40,000 feet it is less than thirty 
seconds. As one ascends beyond this point, the 
onset of unconsciousness is a rapid, fulminating 
event and occurs in about one lung-to-brain 
circulation time (approximately ten to fifteen 
seconds). It can be readily appreciated that 
any degree of hypoxia in high performance 
aircraft is an extremely dangerous condition. 

The commonest causes of hypoxia in aviation 
are, in order of frequency: (1) accidentally 
disconnecting from the aircraft oxygen supply; 
(2) mask leaks; and (3) faulty oxygen regula- 
tors. In order that all personnel who fly above 
10,000 feet are properly indoctrinated, every 
aircrew member must undergo a comprehensive 
original physiologic altitude indoctrination 
course before being rated or designated. 
Passengers and maintenance personnel must 
also receive a modified type of altitude in- 
doctrination before being allowed to fly at 
altitudes over 18,000 feet ambient in jet type 
aircraft. Refresher courses are required at least 
once every three years [10]. In addition, there 
is the problem of the crew member being lulled 
into a false sense of security with a pressurized 
cabin and thus being unprepared should an 
explosive decompression occur. It is necessary 
that the airman wear his oxygen equipment at 
all times regardless of the cabin altitude to 
prevent the rapid loss of consciousness which 
might occur with an explosive decompression. 
In Table 1 the alveolar oxygen tensions are 
shown for various altitudes when breathing air 
and when breathing oxygen. It can be seen 
from this data that 45,000 feet is the highest 
theoretic. altitude that could be reached, even 
with 100 per cent oxygen. In practice, it is 
necessary to begin pressure breathing at about 
32,000 feet. 

In general, the Physiological Training Pro- 
gram carried out by the Air Force is effective 
in preventing hypoxia accidents. However, 
we are continually faced with the problem of 
keeping crew members on the alert for this 
danger. There is no sudden physical transition 
in passing from relatively safe altitudes to 
altitudes where sudden death is the result of 
an equipment failure. The physiologic trauma 
that occurs with drowning can readily be 
appreciated for here there is an obvious change 
in physical environment. It is much more 
difficult to realize that the upper atmosphere 
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with its rarefied air and intense cold is a far 
more formidable enemy than the sea. 
Hyperoxia, or oxygen toxicity, on the other 
hand, can be said to represent no problem at 
the present time in the Air Force. All studies 
of this condition to date have revealed that if 


TABLE II 
EQUIVALENT ALTITUDES BREATHING AIR 
AND BREATHING 100 PER CENT OXYGEN 


| Breathing 
Alveolar Air Breathing Air | 100 Per cent 
H.O | Baro- Baro- 
Vapor| metric Alti metric Alti 
€n- | Ten- | Pres- Pres- 
sion tude tude 
(mm. | (mm. (feet) (mam, (feet) 
Hie) | He) | He) | He) Hg) 
103 | 40.0| 47 760 0} 190 | 33,700 


81 37.5 47 632 5,000! 166 | 36,000 


61 | 35.5 | 47 523 | 10,000) 144 | 39,500 


45 32-5 47 429 | 15,000) 125 | 42,500 


38 | 31.0] 47 380 | 18,000! 116 | 44,000 


35 30.0 47 349 | 20,000! 112 | 44,800 


* Means of measurements made by Lutz and Schnei- 
der, and by Boothby, Lovelace, and Benson. 


the partial pressure of oxygen remains below 
465 mm. Hg no symptoms develop [11-13]. 
Symptoms may appear at sea level pressure 
when the concentration of oxygen in the in- 
spired air is such that the partial pressure is 
greater than 465 mm. Hg. The time required 
for symptoms to develop at this pressure, 
however, is so long (greater than four hours) 
that the problem does not arise while flying. 
While it is the policy of most crew members 
who fly high performance aircraft to begin 
breathing 100 per cent oxygen immediately 
upon boarding the aircraft, their stay at sea 
level pressure is quite brief. The total ambient 
pressure at 13,000 feet is 464.5 mm. Hg—an 
altitude below which few jet type aircraft fly 
except when taking off or landing. In spite of 
this, it is not infrequent to hear complaints of 
respiratory symptoms such as cough, sore 


| 
| 
| 
| 
— 
‘ 
4 


Kratochvil 


throat, irritation, and _ substernal distress 


developing while breathing 100 per cent oxygen. 


These symptoms are generally due to the dry- 
ing of the respiratory mucosa by the extremely 
dry oxygen. Since aircraft oxygen systems are 
exposed to ambient temperatures as low as 
—67°r., U.S.A.F. “aviators’ breathing oxygen”’ 
must be almost water free to avoid freezing 
in the lines and valves. Current specifications 
demand that there be less than 0.06 mg. H.O 
per L. of oxygen at 760 mm. Hg pressure and 
at 20°c. [14]. Thus the conventional 244 cubic 
foot hospital type cylinder contains less than 
0.5 ml. of water. It is not surprising then, that 
there are some adverse effects from breathing 
so dry a gas. 

Oxygen toxicity is definitely a problem at 
pressures greater than one atmosphere [15-20]. 
It may also present a problem as used clinically 
although with the oxygen mask or tent as 
commonly used, there are usually enough leaks 
and interruptions in the system to prevent 
toxicity. However, one should be continually 
on the alert for symptoms of oxygen toxicity 
whenever a patient is exposed to vigorous 
therapy with high concentrations of oxygen for 
any length of time. Symptoms of central ner- 
vous system involvement can occur after 
twenty-four hours exposure to a 95 per cent 
concentration of oxygen. Addition of carbon 
dioxide to the oxygen apparently potentiates 
the oxygen toxicity. Lambertsen et al. [21], 
have recently shown that this effect is most 
likely due to cerebral vasodilatation induced 
by the carbon dioxide and not from a toxic 
effect of the carbon dioxide itself. 

Even though oxygen toxicity is not a present 
day operational problem, interesting evidence 
has accumulated which suggests that the 
basic mechanisms of radiation damage and 
oxygen poisoning are similar. It has been shown 
that chemicals which protect against radiation 
also protect against oxygen poisoning. Further, 
the effects of oxygen and radiation have been 
shown to be additive when the exposure to the 
two agents is simultaneous. Radiation prior 
to exposure to high oxygen pressure was found 
to enhance the mean survival time in mice 
[22]. This relationship between radiation dam- 
age and oxygen poisoning takes on an added 
significance as we enter the era of nuclear 
powered aircraft. Atomic power plus the sealed 
cabin [23] wherein it may be necessary to use 
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rather artificial environments makes this 
problem one of marked practical importance. 

It is clear that if any significant advances are 
to be made in this area of research, the close 
cooperation of engineer, physiologist and 
clinician will be required. 
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Noxious Vapors and Chemical Trauma 
in Aircraft Operations and Accidents 


Capt. Ropert T. P. p—ETREVILLE, M.C., U.S.A.F., Wright-Patterson Air Force Base, Obio 


N considering the toxicologic factors in air- 

craft operations and accidents we should be 
familiar with the following three areas: (1) The 
nature of the human organism and its reaction 
to various toxic agents. (2) The composition 
of the environment (in this case, the aircraft 
and upper atmosphere) under ordinary and 
emergency conditions. (3) Our abilities and 
limitations in the field of measurement of the 
environment and levels of toxic materials in 
body tissues. 


THE NATURE OF THE HUMAN ORGANISM AND ITS 
REACTION TO VARIOUS TOXIC AGENTS 


The relationship of the human organism, or 
any living organism, to its environment is one 
of the most interesting fields of medical science. 
The reaction of the body to the physical en- 
vironment—impact forces, acceleration, de- 
celeration, centrifugal forces, heat, light, radia- 
tion (both ionizing and non-ionizing), sound, 
high or low atmospheric pressures (including 
rapid decompression), heat and cold—is cov- 
ered in other papers. The reaction of the body 
to chemical agents—liquid, solid, gas or vapor 
—has not been the subject of a paper thus far, 
although Drs. Speirs and Williams discuss one 
type of chemical reaction. 

In general, chemical reactions follow certain 
laws just as physical ones do. For example, 
every impact does not cause an injury any 
more than every exposure to a chemical causes 
injury, illness or death. The potentialities are 
present, but are not realized unless the time- 


dose relationship is adequate. Thus, exposure — 


to 5,000 p. p. m. of carbon monoxide may cause 
death in a very few minutes while exposure to 
50 p. p. m. or less is accompanied by no notice- 
able signs or symptoms even if continued eight 
hours a day, five days a week, over a working 
lifetime (i.e., twenty to thirty or more years). 
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Thus, we are brought to the concept of maximal 
allowable concentrations (i.e., those which are 
compatible with life and health). In effect, the 
maximal allowable concentration is a level of 
concentration of a toxic substance in air such 
that continuous exposure at work for forty 
hours a week for a working lifetime, as I have 
just defined it, will not result in significant 
harm. Maximal allowable concentrations are 
set on different criteria. Compounds which 
primarily cause acute toxicity (because of their 
rapid excretion and reversible effects, such as 
trichlorethylene) may havea maximal allowable 
concentration based upon acute effects; thus, 
the maximal allowable concentration for tri- 
chlorethylene is 200 p. p. m. Compounds which 
have, in addition to acute effects, chronic toxic 
effects (e.g., benzene, which has been shown to 
affect adversely hemopoiesis in animal and 
man) will probably have a maximal allowable 
concentration based upon experience with 
human exposure or animal experimentation, 
with a safety factor built in. In the case of 
benzene, which has an acute toxicity similar 
to that of trichlorethylene, the maximal allow- 
able concentration is lowered to about one- 
fifth of that for trichlorethylene. In other cases, 
e.g., lead, there is a cumulative effect. The 
critical factor is the body’s ability to excrete 
the absorbed metal rapidly enough to prevent 
accumulation in the body. In this case, the 
maximal allowable concentration is expressed 
in atmospheric concentration (0.15 mg./m*) but 
is also expressed as limits of concentration in 
biologic fluids (i.e., less than 0.08 mg. per 
100 gm. of whole blood or 0.15 mg. per L. of 
urine*). In the case of radiation, permissible 


* These figures vary somewhat with the authority 
quoting the maximal allowable concentration. These 
are quoted from Kehoe in Patty’s Industrial Hygiene 
and Toxicology. 
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Noxious Vapors and Chemical Trauma in Aircraft 


dosage has been based upon permanent damage 
to blood-forming or other critical organs. There 
is a continuing effort to reduce the maximal 
permissible dosage from 300 mr per week to a 
considerably lower value in consideration of 
possible genetic effects. Thus, when we speak 
of a maximal allowable concentration we are 
using a value which may be based upon acute 
or chronic toxicity, accumulation in the body 
or other harmful effect. 

Selective toxicity in the body depends upon 
the mode of entry and chemical effect upon tis- 
sue (e.g., phosgene). It also depends upon 
degree of absorption (usually dependent upon 
solubility), distribution, metabolism and excre- 
tion. For example, organic hydrocarbons such 
as ether, trichlorethylene and DDT are fat- 
soluble and tend to be distributed to the 
myelin sheaths of central nervous system 
neurons, as well as other fatty tissues (i.e., the 
Meyer-Overton theory). It should be noted 
that in almost all cases, maximal allowable 
concentrations are set for exposures to a single 
compound at ground level. The effect of alti- 


tude and of combined exposures are virgin 
fields of study. 


THE COMPOSITION OF THE ENVIRONMENT UNDER 
ORDINARY AND EMERGENCY CONDITIONS 


An aircraft environment will vary with the 
size of the cockpit and the type of plane. As a 
result, exposure periods will vary from minutes 
in a fighter to hours or even days in a bomber. 
The size of the cockpit varies from a niche, barely 
able to accommodate one body (as in a fighter) 
to a relatively large compartment in passenger 
or cargo planes. Altitude of operation varies 
from less than 10,000 feet in unpressurized 
planes to over 50,000 feet in pressurized air- 
craft. Fuel capacity varies with the length of 
time in flight, aircraft size and performance, etc. 

Most conventional aircraft have, in common, 
the possibility of contamination of cabin air 
with gasoline, oil or antifreeze compounds, as 
well as danger from leaky fire extinguishers and 
hazardous cargo (including insecticide con- 
tainers). All have the possibility of carbon 
monoxide contamination of the air in the cock- 
pit although, in the absence of fire, the single 
engined conventional planes, having the possi- 
bility of a break in the fire wall, are possibly 
more likely to have serious carbon monoxide 
problems than are multiengined planes in 
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which the engines are located at a considerable 
distance from the cockpit. 

In case of fire, contaminants in the cockpit 
will vary according to the decomposition prod- 
ucts of fabrics and insulating materials, al- 
though carbon monoxide, aldehydes and ke- 
tones (and other conjunctival and pulmonary 
irritants, including phosgene) are fairly com- 
mon. Phosgene may be produced from the effect 
of high temperatures on carbon tetrachloride. 

Thus, in our consideration of toxicity at alti- 
tude, we must be aware of what potential toxic 
agents may be present in the environment. In- 
asmuch as new fuels, fire extinguishants, fabrics 
and insulating materials are being introduced 
constantly, we must be on.the alert to detect 
new sources of toxicity. 


MEASUREMENT OF ENVIRONMENT AND LEVELS 
OF TOXIC MATERIALS IN BODY TISSUES 


A third, very important consideration in 
evaluating the toxicity in aircraft operations 
and accidents is, ‘“‘what are we able to test 
for?” Until recently, the Air Force received 
results of toxicologic tissue studies which were 
those normally run on any forensic case, i.e., 
alkaloids (e.g. morphine), barbiturates, anti- 
histamines, heavy metals and ethyl alcohol. 
This approach limited the potential usefulness 
of toxicologic tests. In addition to therapeutic 
agents, alcohol, et cetera, the following tests 
are being conducted by the Air Force in the 
investigation of fatal aircraft accidents: organic 
chloride in brain and liver (as an indication of 
absorption of chlorinated hydrocarbon fumes, 
e.g., from fire extinguishants), total nitrate in 
lung and liver (which might be elevated from 
oxides of nitrogen from fire), and carbon 
monoxide in bloody tissue fluids as well asin 
blood. Microdiffusion methods designed to 
screen tissues and fluids rapidly for whole 
groups of volatile and non-volatile materials 
are being applied to this problem. Although it 
is too early to give an opinion as to their useful- 
ness, if successful, they will go a long way 
toward meeting a very pressing need in toxico- 
logic study of fatal aircraft accidents. 

The School of Aviation Medicine has applied 
technics developed at the University of Toronto 
to detection of hypoxia in aircrew victims. 
Lactic acid is usually found in high levels in 
muscle, especially during exercise. It is not 
found in the central nervous system in com- 
parable levels except in the presence of severe 
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hypoxia. Thus, if brain or spinal cord lactic acid 
levels are elevated, it is assumed that severe 
hypoxia and perhaps anoxic convulsions may 
have occurred. 

The discussion of application of measurement 
to the field of aircraft operations and accidents 
would not be complete without mention of the 
Air Material Command program of investiga- 
tion of aircraft “incidents.” These incidents 
include any complaint of odor or any symp- 
toms which may develop in aircrew personnel 
during flight. Samples are taken of cockpit air 
and oxygen from the plane’s oxygen system 
and, if indicated, blood is drawn from aircrew 
members for determination of carbon monoxide 
saturation. Air and oxygen samples are col- 
lected in chemically clean evacuated flasks 
(with high vacuum grease in the stopcock 
joints) and are analyzed by mass spectrograph. 
A continuous effort is being made by physi- 
cians, chemists, engineers, physicists and other 
scientists in the Air Force to utilize every pos- 
sible means of detection of any toxic materials 
which might have adversely affected judgment 


of aircrew members and thus produced an air- 
craft “incident,” or have contributed to an 
aircraft accident. 

In recent years, thanks to continuous pio- 
neering efforts on the part of persons working 
in the field of Aviation Medicine (including 
Aviation Toxicology) in the Air Force, much 
progress has been made in the recognition of 
many problems in the field of noxious vapors 
and chemical trauma in aircraft operations and 
accidents. A continuing control is being exer- 
cised by a team composed of representatives of 
many different scientific fields—physicians, 
chemists and engineers who advise regarding 
human tolerances, and design engineers who 
determine the most efficient means of con- 
trolling the environment without compromising 
the operational mission. Just as new aircraft 
become outmoded rapidly, so do our technics 
of control, and it is a challenge to the medical 
profession to maintain as high a degree of 
awareness and competence in this field of con- 
trol of harmful effects of the environment as is 
humanly possible. 
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Thermal Trauma Incident to 
High Speed and High Altitude Flying 


Cot. Rosert B. Lewis, M.c., U.S.A.F.* 


6 brews problems, due to either cold or 
- heat, will occur in high altitude, high speed 
aircraft and the degree and nature of the stress 
will be determined by the velocity and altitude 
of the craft. 

Ascent to altitude is accompanied by a lower- 
ing of the environmental temperature at a rate 
of about 2°c. per 1,000 feet. In the stratosphere, 
regardless of altitude, this temperature becomes 
rather constant between —40°c. to —8o0°%c., 
depending on the latitude. Plane crew members 
exposed to these temperatures, unless ade- 
quately protected by proper clothing and sup- 
plemental cabin heat, are likely to suffer cold 
injury in the form of general hypothermia or 
more likely local cold injury due to loss of 
body heat. 

The following newspaper account from the 
Stars and Stripes, suffices to warn us of the 
possibilities of cold injury. 

“Erding, Germany, May 4, 1956. A pilot of 
the 440th Fighter-Interceptor Squadron, was 
flying an F86D at 37,000 feet when the cockpit 
canopy shattered. The cockpit temperature 
instantly dropped to a minus 62 degrees 
centigrade. 

***T Jooked out of the cockpit at the unusually 
blue sky,’ stated the pilot, ‘the canopy plexi- 
glass was gone. The cold air blasting past the 
open cockpit was terrific.’ 

“Clad in winter flying suit and jacket, the 
pilot said his hands, arms and legs seemed to 
stiffen from the cold while descending to a 
landing. Leaning forward under the protection 
of the windshield, he penetrated a thick over- 
cast and landed safely at Landstuhl Air Base 
still shivering from the cold.” 

The incidence of local cold injury among 
bomber crew members in World War 11 was 
high. From August, 1942, to January, 1944, a 
period of approximately eighteen months, 


2,008 crew members of the Eighth Air Force in 
England were frostbitten on combat missions. 
During the same period only 1,362 men received 
wounds from enemy gunfire [1]. 

Planes of great speed, that is those that fly 
at Mach 2 or 3, unless traveling in space with 
little or no atmosphere, will encounter difficul- 
ties at the other end of the thermal scale and 
heat problems due to friction between the sur- 
faces of the plane and the rarefied air will occur. 
The Bell X-2 rocket plane, which has flown 
1,900 miles per hour, was designed to investi- 
gate this thermal barrier. 

At speeds of 500 to 600 miles per hour and at 
moderate altitude the air is not adverse but 
rather cools the plane and engine by drawing 
off excess heat. At 1,500 miles per hour the air 
acts as a hot body which transfers heat into 
the airplane, creating complicated cooling 
problems. 

The F104 flying today can probably fly 1,500 
miles per hour in level flight, and cockpit tem- 
peratures under such conditions might reach 
150°F. or more without adequate refrigeration. 
In such an environment of heat, general hyper- 
thermia can result. Contact of the skin with 
any part of the overheated plane may result in 
local burn injury. Under experimental condi- 
tions man has withstood environmental tem- 
peratures of 247°F. for nineteen minutes with 
resulting mental disorientation and near col- 
lapse. This exposure without protection would 
appear to be close to human tolerance. 

The ideal way to alleviate these thermal 
problems, whether they be heat or cold, would 
be by prevention. Although much has been 
done in this direction and more advances will 
be made, we cannot assume that the difficulties 
will be solved completely and that we will not 
encounter thermal injury in high speed, high 
altitude aircraft. 


* Present address: 7520th Medical Clinical Laboratory, APO 125, New York, N. Y. 
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Fic. 1. Section from muscle taken fifteen minutes after 
exposure of leg to alcohol at —12°c. for thirty minutes, 
showing degenerative changes in the muscle cells. 
Hematoxylin and eosin stain, original magnification 
x 128. 


The pathogenesis of local burn injuries has 
been clarified for some years and the tissue 
effects have been recognized as being due to 
direct action on tissue cells. 

The same general agreement concerning the 
pathogenesis of local cold injury does not exist 
although in recent years considerable basic ex- 
perimental evidence has been accumulated. 
There are still some who regard the vascular 
changes leading to ischemia, either from the 
initial vasoconstriction or the subsequent 
edema or from vascular thrombosis, as being 
the cause of the final tissue damage following 
local cold injury. 

Others, including the author, believe that 
cold attacks all tissues at the cellular level 
directly, recognizing that all tissues do not 
show the same susceptibility to the cold stimu- 
lus. Thus skin, bone, tendon and fascia are 
relatively resistant whereas muscle, nervous 
tissue and blood vessels are more susceptible to 
cold injury. The peculiar nature of the vascular 
system with fluid flowing in tubes under pres- 
sure gives rise to eye-catching events such as 
edema, congestion, hemorrhage and at times 
thrombosis, following exposure to either cold 
or heat. Since these vascular phenomena occur 
in both heat and cold lesions, we believe that 
the same significance should be attached to 
them in cold injury as is attributed to them in 
burns. Certainly tissue cultures which are 
without blood cells or vessels can be killed with 
cold just as they can by heat. 
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Fic. 2. Section from muscle rendered completely is- 
chemic for forty-five minutes by means of a tourniquet, 
showing normal appearance. Animal sacrificed imme- 
diately after ischemic period. Hematoxylin and eosin 
stain, original magnification X 128. 


Experimental evidence supports the concept 
that tissues are directly injured by the cold 
stimulus to produce a true thermal injury. 
Cellular metabolism apparently is altered and 
may be of such severity as to cause cell death 
or lesser injury such as skin and muscle atrophy. 
The nature of the altered metabolism is not yet 
known. Enzyme systems and the denaturation 
of proteins deserve investigation. Recently 
Albaum has demonstrated a decrease in the 
adenosinetriphosphate content of muscle within 
twelve minutes after experimental frostbite [2]. 

Handley and Seibert [3] noted decreased 
amounts of extractable myosin and decreased 
adenosinetriphosphatase activity in rabbit 
muscle twenty-four hours after freezing injury. 

The experimental evidence to support the 
true thermal nature of cold injury is demon- 
strated in the following investigations: 

Muscle tissue from rabbit legs was studied 
grossly and microscopically following immer- 
sion of the depilated and rubber-protected leg 
in cold alcohol at — 12°c. for thirty minutes, an 
exposure that freezes the leg solid. Figure 1 
shows a section of tibialis anticus muscle from 
a leg fifteen minutes after such an exposure. 
Degeneration of the muscle fibers has already 
occurred. Even at this early time the injured 
muscle has a dull opaque parboiled appearance 
grossly, in contrast to the normal bright trans- 
lucent look. Muscle from a leg rendered totally 
ischemic for forty-five minutes by means of an 
occlusive tourniquet shows no degenerative 
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Fic. 3. Section from muscle taken thirty minutes after 
exposure of leg to alcohol at —12°c. for thirty minutes, 
showing same but more severe changes as those in 
Figure 1. Hematoxylin and eosin stain, original mag- 
nification X 128. 


changes. (Fig. 2.) Thirty minutes after such a 
cold exposure the degeneration is more ad-~ 
vanced. (Fig. 3.) After one hour of complete 
ischemia the muscle cells appear normal. 
(Fig. 4.) Complete ischemia from the applica- 
tion of occlusive tourniquet requires two and 
a half or more hours to produce like changes. 
Therefore it is obvious that ischemia cannot 
adequately explain the rapid degeneration fol- 
lowing cold injury. 

Further evidence that cold produces a true 
thermal injury was obtained in another set of 
animal experiments which produced different 
degrees of cell damage within the same muscle, 
namely, the tibialis anticus. By immersing 
rabbit legs in very cold alcohol (—36° to 
—4o°c.) for relatively short periods of time 
(two to three minutes) and sacrificing the ani- 
mals after one week, one can observe three 
different cellular degenerative lesions. These 
occur in layers from the exposed surface in the 
order of decreasing severity as follows: (1) 
coagulation necrosis, (2) slow necrosis, and (3) 
simple atrophy. (Fig. 5.) Either of the lesser 
lesions of slow necrosis or atrophy can be made 
to replace the coagulation necrosis at the sur- 
face of the muscle by decreasing the intensity 
of the cold exposure. 

These changes and their arrangement can 
only be logically explained on the basis that 
cold attacks tissue cells directly, since we know 
that for any given exposure the temperature in 
the tissue depths decreases according to an 
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Fic. 4. Section from muscle rendered completely is- 
chemic for sixty minutes by means of a tourniquet, 
showing normal appearance. Animal sacrificed imme- 
diately after ischemic period. Hematoxylin and eosin 
stain, original magnification X 128. 


exponential curve. The degree of cellular 
damage depends upon two factors: the inten- 
sity of the cold stimulus and the time of ex- 
posure. This observation classifies the cold 
stimulus with many other physical and chemi- 
cal agents, the effects of which are represented 
by the intensity-time curve well known in 
physiology and toxicology. 

Heat produces the same lesions in muscle and 
in the same relationship to the point of heat 
application, as can be seen in Figure 6. The 
rabbit leg was immersed in warm water at 
52°c. for three minutes and the animal sacri- 
ficed after seven days. 

The histologic changes in muscle after ex- 
posure to heat or cold are therefore identical. 
The vascular changes in the two types of injury 
are the same. Contrary to popular belief vascu- 
lar dilatation with increased blood flow occurs 
in cold-injured parts after warming [4-6]. The 
clinical signs and symptoms of heat and cold 
injuries are identical. If the two should differ 
clinically, the difference would be quantitative 
rather than qualitative, due to the usually 
greater volume of tissue involved in burns. 

The immediate treatment of burns is rather 
well established. I therefore wish to confine my 
remarks to the treatment of local cold injuries. 

I wish to emphasize that there are no magic 
cures for cold injury. Anticoagulants, vaso- 
dilators, vasodilating surgical procedures and 
vasoconstrictors, all of which have had their 
proponents, are not indicated and have no 
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Fic. 5. Tibialis anticus from leg exposed to alcohol at 
—4o°c. until temperature in superficial layers of 
muscle reached —10°c. (two minutes and forty-five 
seconds) and then immediately rewarmed in water at 
42°c. Survival time, seven days. Three histologic lesions 
are present in three zones which are present in layers 
from the cutaneous surface of the muscle in the follow- 
ing order: (1) coagulation necrosis, (2) slow necrosis, 
and (3) atrophy. Hematoxylin and eosin stain, original 
magnification X 51. 


place in the immediate treatment; and from 
the reports in the literature vasodilating proce- 
dures are of doubtful value in chronic cold 
injuries. Nor is the old practice of delayed 
warming desirable. 


TABLE I 
SUPERFICIAL (SKIN) NECROSIS IN ANIMALS EXPOSED TO 
—12°C. FOR THIRTY MINUTES 


No. of No. of Cases 
Treatment with Skin 
Necrosis 
75 Rewarmed at 42°c. for 5 o 
minutes 
51 Spontaneous rewarming at 13 
room temperature 


Note: The X?2-test for this distribution of cases with 
necrosis yields: X? = 18.7;n = 1; P = <o.oo1. 


The one form of treatment agreed upon by 
practically all modern writers on the subject 
is that of rapid thawing. 

Contrary to age-old opinion, rapid warming 
of cold-injured parts is preferable to slow 
warming, provided the process is not carried 
out with such vigor as to produce heat injury. 
Undoubtedly the disfavor with which this form 
of treatment has been accepted in the past has 
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+52°c. for three minutes. Survival time, seven days. 
The same three histologic lesions, occupying the same 
layers as in Figure 5, are present. Hematoxylin and 
eosin stain, original magnification X 51. 


been largely due to this mistake. Table 1 
demonstrates the benefit to skin obtained by 
rapidly warming frostbitten rabbit legs in 
water at 42°c. for five to eight minutes after 
exposure to freezing alcohol. 


TABLE II 
EXTENT OF MUSCLE NECROSIS IN ANIMALS EXPOSED TO 
—12°C. FOR THIRTY MINUTES 


No. of Muscle 
Treatment Necrosis* 
Animals 

(%) 


24 Rewarmed in 42°c. water bath} 6.5 + 1.0 
for five minutes 
24 Spontaneously thawed at 20.8 + 3.2 
room temperature 


_ * Autopsied three weeks after exposure. 


Muscle tissue can also be saved by rapid 
warming as demonstrated in Table u. 

Using a more severe cold exposure, one that 
results in gangrene in almost 100 per cent of 
animals (Table m1), a remarkable lessening of 
the damage can be achieved by rapid warming. 

The dangers of overheating the tissues must 
again be stressed. Prolonged warming in water 
at 42°c. has been shown to produce tissue dam- 
age in experimental animals [7]. It is also im- 
portant that the tissue temperature be raised 
to 37°c. rather than only to the point where 
thawing has occurred, since exposure to cold 
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at above freezing temperatures (+2°c.) for 
relatively long periods of time can result in 
gangrene and lesser degrees of injury. This can 
be demonstrated experimentally [8] and was 


TABLE Ul 
SKIN NECROSIS* IN ANIMALS EXPOSED TO — 15°C. FOR 
THIRTY MINUTES 


No Com- iain, No 
plete fi Super- No. 
Treatment Loss of ficial of 
Ani- Exposed Necrosis | Necrosis | Deaths 
mals Leg (skin) (skin) 
39 | Rewarmed in 42°c. 7) 3 35 1 
water bath for 5 to 
8 minutes 
33 | Spontaneous re- 13 17 2 I 
warming at room 
temperature 


Note: The X2-test for the distribution of cases with and 
without superficial necrosis yields: X2 = 47.9; n = 1; 
P = <o.001. 

* Deep (muscle) necrosis not considered. 


seen in immersion-type injuries among ship- 
wrecked mariners during World War 11 [9g] and 
in trench foot in World War 1. After warming, 
cold injured parts should be treated as any 
other type of physical injury. 
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Mechanical Trauma of High Speed 
and High Altitude Bailout 


Capt. Epwarp G. SPErRRY, U.S.A.F., Annapolis, Maryland 


From the Escape and Survival Section, Human Factors 
Division, Headquarters, Air Research and Development 
Command, Baltimore, Maryland. 


is seems almost symbolic that our Panel 
should include a discussion of trauma inci- 
dent to high speed—high altitude escape. Less 
than two weeks ago the Air Force and industry 
sat down to discuss the subject of emergency 
escape. Our meeting at that time was under- 
scored by the crash of a large B-52 jet bomber 
in which five men were killed. This meeting is 
underscored by the loss of our X-2 rocket air- 
craft and its pilot, Captain Apt. 

What are the chances of injury during escape 
at supersonic speeds and altitudes up to 
126,000 feet, which the X-2 recently reached? 
Unfortunately they are quite high, at least 
with our present equipment. The unhappy fact 
is that the fantastic advances in aircraft per- 
formance have not been paralleled by advances 
in the art of pilot protection. 

There are three principal factors which may 
induce mechanical trauma during emergency 
bailout, namely, deceleration, wind blast and 
spinning. Deceleration may be pictured by con- 
sidering what happens when we flip the ash 
from a cigarette out the window of a fast-mov- 
ing car. The ash, due to its low weight and large 
area, slows down from the speed of the car to 
zero in a brief instant. The accelerations ex- 
perienced during this period are similar to those 
experienced when we flip a pilot out of a super- 
sonic aircraft. Trauma resulting from excessive 
deceleration will be discussed by Col. Stapp. 
I would like to concentrate on the other factors 
of wind blast and spinning. 

Supersonic bailout exposes the pilot to wind 
blast, which is a function of the air density and 
the speed of the aircraft. For example, the ram 
air pressure at 700 miles per hour at 5,000 feet 


is 1,240 pounds per square foot. Assuming that _ 
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a seated man presents a frontal area of 4 square 
feet, the total pressure is 4,960 pounds (over 
2 tons) applied within a fraction of a second. 
What injuries may result from such a blast? 
They may be roughly divided into two classes 
which I will call direct and indirect. 

By direct injury I mean the mechanical 
trauma induced by the wind blast itself. For 
example, it has been shown by repeated tests 
that ram air pressures of 400 pounds per square 
foot or greater are capable of flailing the arms 
and legs with damaging force beyond the mus- 
cular strength of the victim to resist. On ejec- 
tion seat tests at 520 miles per hour at 10,000 
feet the wind blast caused a loss of grip on the 
trigger or firing device. When this happens, the 
jumper’s arms are thrown back violently behind 
the seat. The results in one test were a posterior 
dislocation at the right elbow and a chip frac- 
ture of the head of the humerus, with moderate 
dislocation of the bone segment. The same 
injury was received by another subject whose 
arms were also thrown around behind the seat. 
Perhaps I should inject here that the tests were 
repeated due to uncertainty as to why the first 
jumper lost his grip; we are not usually so slow 
in learning from our experience. 

A recent ejection from a Royal Air Force 
Meteor Fighter at approximately 500 miles per 
hour resulted in spreading apart of the pilot’s 
legs by the windblast. His legs were literally 
wrapped around his ears. The principal injury 
was that of impaction of the heads of both 
femurs into the pelvic sockets with severe 
anterior displacement. I understand this to 
mean the legs were almost torn off his body and 
the man was left crippled for life. We can see 
that flailing of the limbs with resultant injuries 
is possible at speeds well below the speed of 
sound. As the speeds increase, we can expect 
the degree of injury to be magnified. 
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I mentioned that there are indirect results 
of wind blast exposure which may result in 
trauma. Although there are numerous possi- 
bilities, I will mention only a few. Loss of the 
face plate of the pressure helmet may expose 
the facial orifices. The blast may then enter 
the body and inflate the stomach and lungs. 
The blast may prematurely open the para- 
chute by causing failure of the parachute pack. 
This obviously results in an excessive opening 
shock and resultant vertebral injury. The 
garments may be torn and frayed, which may 
later result in death due to exposure. It must 
be obvious that ram air blast presents one of 
our major problems. What then of spinning? 

Let us assume that our subject is ejected at 
65,000 feet and successfully withstands the 
rigors of windblast and deceleration. Is he safe? 
No, he is not. For several reasons he must 
immediately free-fall (that is, fall without an 
open parachute) to an altitude below 20,000 
feet. The free-fall is necessitated by lack of 
breathing oxygen at high altitude, temperatures 
as low as minus 65°F. and extremely violent 
parachute-opening shock. At high altitude 
parachute-opening shock is several times as 
great as that experienced near sea level. During 
this prolonged, delayed fall the jumper may 
encounter severe spinning. The spinning must 
be considered not only from a_ physiologic 
viewpoint but also as a probable source of 
panic. To the pilot who faces 8 miles or more of 
free-fall which may take several minutes and 
which feels like a lifetime, panic is a real hazard. 
Should he prematurely open the parachute, he 
will be exposed to the dangers of low oxygen 
supply, excessive opening shock and extreme 
cold, as just mentioned. 

When we speak of spinning, we are talking in 
terms of from 60 to 200 revolutions per minute. 
The nature of trauma quite logically is a func- 
tion of the variables of center of rotation (in 
this case a point near the waist), rate of rotation 


and duration of exposure. In laboratory experi- 
ments on an 8 foot spin table appropriately 
called the “‘victrola,” it was found that expo- 
sure to 160 revolutions per minute for 3 to 
10 seconds, with the center of rotation at the 
heart, could result in loss of consciousness; 
120 revolutions per minute for 3 seconds with 
the center of rotation at the heart resulted in 
severe pain and a high incidence of conjunctival 
petechiae. Generally, it may be stated that 
rotation about the axis of the heart will reduce 
the vital capacity of the heart and cause a loss 
of consciousness at a lower rate of rotation than 
if the center of rotation is at the waist. With 
the center of rotation at the waist, the onset of 
severe head pain and petechia will occur at a 
lower spin rate. 

After his fall from 45,000 feet, Lt. Nielsen 
had showers of petechiae, a dull headache for 
approximately twenty-four hours and some 
vertigo for a forty-eight-hour period. In his 
own words, “The room swings to the right.” 
As near as can be determined, he encountered 
spinning of approximately 90 revolutions per 
minute for 10 seconds or more. Man-like dum- 
mies have been dropped which have reached 
rotations as high as 200 revolutions per minute. 
What we must remember is that Lt. Nielsen, an 
experienced jumper, was confused and fright- 
ened at go revolutions per minute. What then 
of the aircrew man who must meet this discon- 
certing force for the first time? 

This discussion has painted a rather bleak 
picture of the air crew’s chances for bailout. 
Fortunately a large number of our emergencies 
occur at relatively low altitudes and at tolerable 
air speeds. For the extreme conditions the Air 
Force, Navy and industry have implemented 
an accelerated program to correct our deficien- 
cies. Design effort is primarily aimed at provid- 
ing escape capsules for future aircraft and 


improved ejection seats for aircraft already 
built. 
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Human Tolerance to Deceleration 


Lr. Cot. Joun P. Stapp, m.c., Holloman Air Force Base, New Mexico 


I’ military aviation the loss of life, incidence 
of total disability and time loss justify re- 
search on the safety and salvage aspects of 
accidents. Safety relates to all factors pre- 
venting or reducing the occurrence of accidents; 
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Fic. 1. Edwards sled with subject during a full stop in 
brake area, entrance velocity 88.6 miles per hour to a 
stop in 18.25 feet. 


salvage is concerned with preventing or reduc- 
ing the consequences of accidents. One aspect 
of the salvage problem considers the relation- 
ship between force characteristics and their 
biologic effects, a field of research which has 
been designated as biodynamics. Motion at 
high speed involves a risk of accelerative or 
decelerative forces of rapid onset, great magni- 
tude and comparatively brief duration, capable 
of injurious or lethal effects to living organisms. 
By applying known increments of mechanical 
force to experimental subjects, a dynamic 
stress analysis can be accomplished to limits of 
tolerance, defined by signs of reversible in- 
capacitation, or of survivable injury or up to 
lethal effect. Two main lines of application for 
this research have existed to date: protection 
from forces incurred in aircraft crashes, and 
tolerance to conditions of escape from aircraft 
during in-flight emergencies. 

In order to accomplish precisely controlled 


exposures of living organisms to predetermined 
configurations of mechanical force with reason- 
able safety, the chosen instrument has evolved 
as a rocket or catapult-powered sled, slipper 
mounted on rails, carrying the subject, record- 
ing and transmitting instrumentation and 
braking devices, which can be accelerated to 
the required velocity and then decelerated 
according to plan. 

The factors which can be permutated are (1) 
orientation of the body with respect to the 
direction of linear decelerative force, (2) rate 
of application of the force, (3) magnitude of 
deceleration, and (4) duration of application. 


AIRCRAFT CRASH FORCES 


This investigation was begun in 1946 by the 
Aero ‘Medical Laboratory of Wright Air De- 
velopment Center using a linear decelerator, 
consisting essentially of a rocket-propelled sled 
which could be decelerated or stopped by 
mechanical brakes in a predetermined manner. 
Northrop Aircraft, Inc., of Hawthorne, Cali- 
fornia, designed, fabricated, maintained and 
operated the device between April, 1946, and 
June, 1951. Edwards Flight Test Center, Ed- 
wards Air Force Base, California, was chosen 
as a base of operations because of the avail- 
ability of a precision built, 2,000 feet long, 
standard gage, railroad track. The equipment 
is described in detail in Air Force Technical 
Report No. 5993, dated February, 1950. 

It consisted essentially of a 1,500 pound sled 
of chromium-molybdenum steel tubing and 
approximately 15 feet in length, stressed to 
more than 100 g with a safety factor of 1.5 and 
designed to carry a seat or litter and instru- 
mentation. Propulsion of the slipper mounted 
sled along the rails was by one to four solid 
fuel Jato-type rocket motors, providing a thrust 
of 1,000 pounds each for five seconds. Two 
braking keels were mounted parallel length- 
wise beneath the sled. (Fig. 1.) 


American Journal of Surgery, Volume 93, April, 1957 734 


. 
ae 
| 
if 
; 
‘ 
| 
4 
‘ 2 
| 
- 
> 
5 
‘ 


Human Tolerance to Deceleration 


The braking action was by forty-five inde- 
pendently pressurized and actuated units in a 
50 foot area between the rails, each unit con- 
sisting of two parallel pairs of brake shoes 
5 by 11 inches in area, closed by pneumatic- 
hydraulic actuated levers compressing the 
shoes together and clasping the moving keels 
attached to the sled, with an action resembling 
a knife blade being pulled through a vise. 

The rate of onset, magnitude and duration 
of decelerative force was determined by the 
velocity of the sled, the number and sequence 
of brakes used and the braking pressure. 

Four telemetering channels permitted re- 
cording of data from accelerometers and strain 
gage tensiometers. High speed motion picture 
cameras were mounted both on the sled and 
along the track in overlapping profile at the 
braking area to record motion studies of sled 
and occupant. Velocity was accurately deter- 
mined by surges induced in series-connected 
coils along the track when a magnet attached 
to the sled passed over them, recorded simul- 
taneously with a time signal from a 1,000 cycle 
crystal oscillator. Velocity was also determined 
from ribbon frame camera timed exposures at 
120 frames per second at the braking area. 
Table 1 lists the program of tests and experi- 
ments performed with the decelerator through 
June, 1951. 

The volunteer human subjects included three 
flight surgeons, one pilot, two parachutists, two 
harness makers, a medical technician, an aerial 
photographer, an aerial gunner and an ordnance 
specialist. One of the flight surgeons was also 
a pilot. Ages ranged from twenty-five to forty- 
one years, weights from 142 to 206 pounds, 
heights from 66.5 to 72 inches. The range of 
body sizes and somatotypes usually encoun- 
tered in the Air Force was well represented, 
considering that only twelve subjects were used 
in the seventy-three experiments. The maxi- 
mum number of exposures to decelerative 
forces sustained by any one subject was 
twenty-six, including the most severe tests of 
the series. No sedation or medication of any 
sort was used with human subjects either 
before or after tests. ° 

Eighty-eight experiments were accomplished 
with chimpanzee subjects to explore the per- 
formance range of the decelerator, and to estab- 
lish safe parameters for human experimentation 
with the same equipment. The use of animals 
of the size and ferocity of chimpanzees was 
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justified by the close approximation to human 
masses, dimensions and reactions. Subjects 
were presented to linear decelerations while 
seated facing forward, seated facing backward, 
seated facing sidewise, lying supine feet first, 
lying supine head first, and lying transversely 


TABLE I 
EDWARDS AIR FORCE BASE, CALIFORNIA, 
2,000 FOOT TRACK (1947 TO 1951) 


Type of Test No. 


across the sled while facing to the rear with the 
back against the bulkhead. 

Human subjects were exposed in the forward- 
facing and backward-facing seated positions 
only. Concurrently with the evaluation of 
tolerance limits, development of harness con- 
figurations was accomplished. Optimum re- 
straint configuration for the forward facing, 
seated position was proved to be the shoulder 
straps, lap belt in 3 inch width nylon webbing, 
with a pair of tie downstraps known as the 
“inverted V” to hold the belt and shoulder 
straps down against the bottom of the seat. 

It was established conclusively that very 
high decelerative force can be sustained by 
primates, provided there is adequate protection 
from collision with solid objects. The maximum 
deceleration sustained by a chimpanzee in this 
series was from 174 miles per hour to a stop in 
27.5 feet in the supine, head first position. This 
could have been survived with some temporary 
disability by a human being. It is many times 
what would be encountered in any automobile 
collision or plane crash short of complete 
demolition of the vehicle. 

In order to evaluate the effects of impacts of 
high rate of onset and short duration, capable 
of lethal effects, a device known as a monorail 
decelerator was developed. The monorail de- 
celerator consists of a welded steel carriage, 
sliding on and suspended from a lubricated 
horizontal rail. Propulsion is derived from an 
aircraft seat ejection catapult. Velocities vary- 
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ing from 15 feet per second to 47 feet per second 
were provided in these experiments by varying 
the powder charge in the catapult cartridges. 
The carriage was decelerated by striking a 
lead cone attached to a frame welded to the 
rail. The coefficient of restitution of lead is 


TABLE 
HOLLOMAN AIR FORCE BASE, NEW MEXICO, 
120 FOOT TRACK (1953 TO 1956) 


Type of Test No. 

Acceptance and Performance.................| 25 


sufficiently low to result in almost complete 
absorption of the energy of the carriage, thus 
minimizing rebound. Variations in the decelera- 
tion pattern were obtained by using different 
sizes of cones. 

Electronic chronographs recorded velocity at 
time of impact. Motion studies were made by 
high speed cameras. Accelerometers and strain 
gages on the seat and subject recorded directly 
through trailing wires to an oscillograph during 
the 30 foot displacement of the carriage from 
catapult to impact point. 

Experiments were performed with anes- 
thetized hogs as subjects. One series determined 
the effect of impinging the subject against 
simulated sections of instrument panel, simu- 
lated control wheel surface and control stick. 
A second series evaluated the protection af- 
forded by lap belt alone, lap belt plus shoulder 
straps, and lap belt combined with shoulder 
straps and inverted V tie downstraps. 

Uninjured survival of anesthetized hogs oc- 
curred in all experiments up to 80 g in the 
backward-facing seated position and to 125 g 
in the forward-facing seated position. 

The comparative vulnerability of chest, mid- 
riff and abdomen to impingement by the simu- 
lated instrument panel section, control wheel 
and stick were determined in lethal experi- 
ments. Forces that could easily be sustained 
without injury while the subject was restrained 
with webbing caused death when the subject 
was impinged against the solid test objects. A 
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total of fifty-two experiments have been per- 
formed with this device. 

A more elaborate short track impact type 
decelerator having the same performance range 
has been activated at Holloman Air Force Base. 
It consists of a track 120 feet long with two 
rails 5 feet apart on concrete piers 3 feet high. 
A chrome-molybdenum steel sled is slipper 
mounted between the cylindrical rails, and can 
carry up to 350 pounds of payload at a maxi- 
mum deceleration of 200 g. Maximum velocity 
is 150 feet per second. Deceleration can be 
either with the lead cone method of the pre- 
viously described monorail decelerator, or with 
a braking piston carried by the front of the sled 
entering a water filled cylinder by rupturing a 
frangible stopper and displacing water through 
orifices in the walls of the cylinder. The orifices 
can be changed in size or completely closed ac- 
cording to the desired deceleration-time pat- 
tern. A trailing cable permits direct recording 
of a large variety of sensing devices. In other 
respects, the instrumentation is similar to that 
used in the monorail decelerator. To date a 
total of ninety-eight tests have been performed 
with this device. (Table 11.) 

Two types of experiments have been carried 
out at Holloman Air Development Center with 
a pendulum-type decelerator, consisting of a 
weighted seat suspended like a garden swing, 
so that it can be elevated and allowed to drop — 
against a test object or to swing until arrested 
by a snubbing cable. Anesthetized hogs were 
used in lethal experiments to determine impact 
damage to the chest and abdomen on collision 
with a variety of steering wheels, and a series 
of human experiments were begun to deter- 
mine tolerance to deceleration in the forward 
facing seated position, restrained by a lap belt. 
The latter series is still in progress and results 
are incomplete. 


SUPERSONIC WIND DRAG DECELERATION 


The human body in free fall following seat 
ejection and separation from the seat, is an 
unstable mass whose flexibility displaces the 
center of gravity at random so that erratic 
tumbling and spinning occurs. Wind ram pres- 
sure against the drag area presented by the 
seat and its occupant emerging from the air- 
craft produces abrupt linear deceleration at the 
instant of separation. The wind blast can buffet 
and flail head and extremities and abruptly 
compress or buffet body walls. The statically 
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measured magnitude of the imposed wind drag 
deceleration does not express the individual and 
combined effects of its component factors. 

The investigation of decelerations lasting ten 
to twenty times as long as crash forces, such as 
would be encountered during wind drag de- 
celeration following exit from aircraft in super- 
sonic flight, has been accomplished at Holloman 
Air Development Center from April, 1953, to 
the present. A much higher capacity rocket 
sled was used, with prolonged deceleration 
obtained by using water brakes. 

This device consists of a test sled weighing 
2,000 pounds on which the subject and in- 
strumentation are carried, and a propulsion 
sled on which the rockets are mounted. Both 
sleds are equipped with fixed scoop water 
brakes. Water entering the scoops on the test 
sled is turned go degrees through conduits and 
ejected to the sides. A retarding force of 1 pound 
for each pound of water passing through the 
conduit is applied to the sled. The propulsion 
sled also has fixed scoops but of lower clearance, 
so that braking begins at a shallower depth of 
water. The conduits on this sled are 180 degrees, 
throwing water forward during deceleration. 
Two pounds of retarding force result from each 
pound of water passing through the conduits. 
The total braking force is a function of the 
pounds of water per second passing through the 
conduits. 

Instrumentation for this device was basically 
similar to that used in the 2,000 foot track de- 
celerator, with the addition of Pitot tubes and 
wind pressure gages to measure the impinging 
wind ram pressures. The high velocities, ob- 
tained from as many as twelve propulsion 
rockets of 4,500 pounds’ thrust and five sec- 
onds’ duration prior to the separate decelera- 
tion of propulsion sled and test sled after rocket 
burn-out, permit prolonged water brake de- 
celeration in the section of track prepared for 
this purpose. The 3,500 foot track has rails 
7 feet apart between which lies a concrete ditch 
5 feet wide and 18 inches deep, sloping very 
slightly for drainage. At the end of the accelera- 
tion phase of a run, during which the scoops 
under the sled go through the dry ditch, a sec- 
tion of the track is reached where frangible 
masonite dams have been inserted in slots 
provided in the walls of the concrete ditch. 
Dam height is adjusted to provide water 
depth required for the calculated braking pat- 
tern. The only limitation on braking distance 


is the remaining track length. In this way, 
durations of more than .1 second at 100 g peak, 
of more than .4 second at 50 g, and of more 
than 1 second at 25 g plateau are possible. 

A lightweight, high velocity rocket sled de- 
signed for attaining maximum tolerable wind 


TABLE 
LONG TRACK (3,500 FEET) 


Type of Test | No. 


ram pressures, identical in instrumentation and 
braking with the sled described, but propelled 
by up to nine rockets of 1.8 seconds duration 
and 7,800 pounds’ thrust has been built and 
used for wind blast tests at Holloman Air Force 
Base. A maximum velocity of 1,446 feet per 
second or 996 miles per hour equivalent to 
Mach 1.3 at ground level has been attained 
with this device. Chimpanzee and dummy sub- 
jects only have been used with it Table 111 
lists the tests and experiments performed to 
date with these two sleds. 


RESULTS 


Findings in all experiments with human sub- 
jects have been reported in detail in Air Force 
Technical Report 5915 [9,10] and in The Jour- 
nal of Aviation Medicine (26: 268-288, 1955). 

Human tolerance to linear decelerative force 
in the forward-facing seated position for expo- 
sures of less than .2 second is primarily deter- 
mined by the rate of application of force (the 
third derivative of motion, or rate of change of 
deceleration) and, secondarily, by the magni- 
tude of force, provided that the force is applied 
to the solid quarters of the body through web- 
bing restraints. The points of reversible in- 
capacitation were reached at 38.7 g when rate 
of application was more than 1,350 g per sec- 
ond, and at 50 g when the rate of application 
was 500 g per second or less. (Fig. 2.) 

Experiments with chimpanzees indicate that 
for the same orientation, injuries begin at 65 g 
with 6,000 g per second rate of onset, and at 
more than 100 g with 1,500 g per second or less 
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Fic. 2. Human tolerance to linear deceleration limit for reversible incapacita- 
tion to: A, rate of onset; B, magnitude; C, duration of decelerative force in the 


forward-facing seated position. 


rate of onset, with duration of exposure between 
.I and .2 second. 

Lethal experiments with anesthetized hogs 
indicate that at rates of onset between 5,000 
and 15,000 g per second, for durations between 
.04 and .08 second, up to 125 g could be sus- 
tained with reversible injuries, ranging up to 
220 g with serious to fatal injuries. 


t KNOWN SURVIVAL 
> 
|8 
LIMIT 
3 {BEGIN HYPOXIC 
DRAULIC EFFECTS EFFECTS 
2 1.0 2.0 3.0 


SECONDS 
Fic. 3. Time-G effects on human being. 


With respect to orientation, the human body 
is almost equally tolerant to deceleration in the 
backward-facing position, provided an even, 
firm backing of energy-absorbing material 
such as a half inch of felt against sheet steel is 
used. Experiments did not exceed 35 g in this 
orientation because no higher exposure was 
required to provide criteria for backward- 
facing passenger seats. The human body struc- 
ture having the lowest failing limit is the 
vertebral column when force is applied along 
its length, particularly from buttocks to head in 
the seated position. With optimum alignment, 
up to 35 g can be tolerated at less than 500 g 
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per second rate of onset, but with hyperflexion 
(back bent forward to the limit of motion) this 
diminished to less than 15 g in one aircraft 
accident case that was instrumented with 
accelerometers. The difference is due to dimin- 
ishing contiguous impinging surfaces between 
vertebrae in the lumbar spine. 

In hogs with vertebral column in optimal 
alignment, more than 75 g at higher than 
5,000 g per second rate of onset was required to 
produce vertebral fractures. Chimpanzees have 
been similarly exposed to 65 g without fractures. 

In chimpanzees, impact loads against harness 
of more than 75 pounds per square inch attained 
in less than fifteen milliseconds can produce 
fatal damage to the lungs, consisting of hemor- 
rhagic areas of ruptured air sacs. 

Prolonged decelerations, in which durations 
range from .2 to .3 second, demonstrate that 
hydrostatic pressure effects due to displace- 
ment of body fluids, have a latent period of 
.2 second before they are appreciable, and that 
they are definitely evident at .4 to .6 second 
of exposure to as low as 10 g at 500 g per second 
rate of application. The range of the duration 
versus g spectrum of the decelerator overlaps 
that of the human centrifuge for exposures of 
more than two seconds. (Fig. 3.) 

The high performance Holloman decelerator 
has demonstrated that man can tolerate 1,107 
pounds per square foot of wind blast in a total 
time of less than 6.4 seconds, provided it is 
excluded from the head, and that head and 
extremities are protected from flailing. Chim- 
panzees have tolerated up to 1,800 pounds per 
square foot while similarly exposed. With bare 
head free to flail, a chimpanzee subject died of 
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brain injuries after exposure to 1,200 pounds per 
square foot of wind blast in a sled ride. 

Crash experiments with surplus Air Force 
and Navy aircraft conducted by Eiband, 
Black, Preston, Pinkel and other workers at 
the National Advisory Committee for Aero- 
nautics’ Lewis Propulsion Laboratories, by 
propelling instrumented aircraft occupied by 
dummies into a runway barrier, confirm the 
magnitude, duration, rate of application of 
decelerations and the force measurements ac- 
complished on the rocket sled exposure of 
human, chimpanzee and dummy-type experi- 
ments. The high human tolerance to abrupt 
deceleration confirms the observations of 
DeHaven and Dubois on accidental high falls 
and survivals of high impact aircraft accidents. 

The first observation of the effects of super- 
sonic wind drag deceleration during ejection 
seat escape confirms the range of forces em- 
ployed in the high performance rocket sled tests 
performed at Holloman Air Force Base [5]. 

The first experimental measurements of these 
wind drag deceleration forces under conditions 
of flight were obtained in a series of four down- 
ward ejections of chimpanzee subjects in stand- 
ard ejection seats from an air dropped missile 
accelerated downward to Mach 1.4 at 20,000 
feet at the point of ejection. Analysis of the 
first two of these experiments is complete and 
is reported by the Cook Electric Company. 
Because of mechanical failures in the recovery 
system, free fall of seat and occupant to the 
ground produced damage which overshadowed 
any evidence of injury during escape except 
in the third of these tests, not yet reported, in 
which the seat failed in a manner that caused 
strangulation of the anesthetized subject by a 
chin strap of the cloth muzzle, and no other 
lethal injury. This subject was parachuted 
down following the estimated opening shock of 
35 g. The first two tests were instrumented to 
show vital signs of heart beat and respiration 
persisting after ejection and before descent. 

Figure 2 shows three curves respectively 
indicating maxima for each of the three factors 
other than direction of force, which was trans- 
verse to the seated subject from front to back. 
Accurate presentation of experimental findings 
requires all three curves. In the transverse axis, 
any combination of rate of onset, magnitude 
and duration can be tolerated which does not 
exceed the experimentally established bound- 
aries presented by these three curves. In the 
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vertical axis, the limits of tolerance vary with 
the alignment and position of the vertebral 
column. With the column in the erect position 
and maximum area at apposition impinging 
between vertebrae, forces exceeding 30 g at 
500 g per second have been sustained without 
injury. 

If the body is bowed forward to the limit of 
curving the spine, wedge fractures have been 
produced by 9 to 14 g at less than 500 g per 
second in the first and second lumbar vertebrae. 
They were tilted forward until only the front 
rims of the vertebral bodies carried the con- 
centrated loading. 

Hydraulic forces can rise to the point of fail- 
ure in blood vessels if a latent period of .2 sec- 
ond required to overcome elasticity of tissues 
and viscosity of body fluids is exceeded. 

Another latent period of 2 to 5 seconds or 
more is required for accelerations in the long 
axis from head to foot to offset the pumping 
force of the heart and deprive the brain of 
oxygen long enough to affect vision and 
consciousness. 

Tumbling in the head over heels direction 
has been investigated to limits of human toler- 
ance and lethal effect on animals by Weiss and 
associates in a report published in The Journal 
of Aviation Medicine (25: 5, 1954). Subjects 
were spun on a turntable while lying on one 
side. With the heart at the axis of rotation, 
human beings lost consciousness in twelve sec- 
onds at 160 revolutions per minute, and results 
were fatal for anesthetized animals at 200 revo- 
lutions per minute for two minutes. Sperry, 
Nielsen and associates in free fall bail out 
experiments, with the highest at 45,200 feet, 
found disorientation, vertigo, nausea and loss 
of consciousness among the effects encountered. 
The less dense atmosphere at the greater 
heights permitted faster tumbling. In the same 
experiments, the impingement of wind blast 
at ram pressures higher than 650 pounds per 
square foot at the instant of ejection caused 
flailing of the inadequately secured arms of the 
subjects, overriding all muscular efforts to re- 
sist. In two cases, fractures and dislocations 
resulted at less than 500 knots and 30,000 feet. 

With respect to transverse decelerative 
forces, accident data on human beings com- 
pared with experiments on both hogs and 
chimpanzees indicate that structural failure 
points on the chest and abdomen impinged 
against a solid hard surface are practically 


bey 
e 


identical. Aortas can be ruptured by a 2,000 
foot pound impingement of a hog’s chest against 
a conventional steering wheel. Transverse de- 
celeration against a webbing harness that dis- 
tributes the load on the four quarters of the 
body indicates very little variation in tolerance, 
probably less than 10 per cent. It would be a 
conservative estimate to say that human sur- 
vival of serious injury begins at two and one- 
half times the transverse reversible incapacita- 
tion point for either forward or backward 
deceleration. The rate of onset is a potent 
factor in determining tolerance limit for trans- 
verse deceleration. At 6,000 g per second and 
70 g peak in a .13 of a second duration one 
chimpanzee sustained lung injuries similar to 
those found in explosion blast. The calculated 
rate of onset and maximum force of impinge- 
ment against the harness was fifteen milli- 
seconds to reach 75 pounds per square inch. 
With rates of onset of less than 1,000 g per 
second up to 150 g peaks have been sustained 
without injury by chimpanzees. In the longi- 
tudinal axis, the vertebral column of the chim- 
panzee is at least twice as strong as that of a 
human being because of its lack of lumbar and 
cervical curves and rigidly supported architec- 
ture. The next most vulnerable structure is the 
central nervous system which reacts with 
reversible physiologic responses in man, begin- 
ning at 30 g, 1,000 g per second rate of onset 
with vasomotor shock and retinal spasms rang- 
ing to concussion signs and retinal hemorrhage 
at more than 45 g. The rate of onset again is 
the controlling factor from 30 g up of magni- 
tude. With forces prolonged beyond .6 second, 
Purcher’s syndrome of the eyes was observed 
in both chimpanzees and humans. Repeated 
exposures in both humans and chimpanzees 
do not produce observable accumulative effects. 

It can be concluded from all of the foregoing 
that the structural strength of the human body, 
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its energy absorbing characteristics with respect 
to brief applications of high dynamic loads, its 
tolerance to abrupt wind blast of nearly explo- — 
sive violence facilitate salvaging the victims of 
high speed transportation accidents. The appli- 
cation of this knowledge can lead to a great 
saving of lives and prevention of disabilities. 
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decompression, frequently termed 

‘explosive’? decompression in the past, is 
the sudden and complete accidental failure of 
pressurization of crew space and passenger 
space in aircraft flight. The probability of 
accidental cabin decompression and the asso- 
ciated disadvantages must be weighed against 
the advantages of pressurization. 

Cabin pressurization is used in both military 
and civilian aircraft for the following reasons: 
(1) prevention of hypoxia and dysbarism in 
crew and/or passengers; (2) reduction of per- 
sonal equipment and impediments to crew 
mobility; (3) comfort for passengers and crew; 
and (4) protection of physically unsound 
passengers and/or patients. 

The relative importance of the above factors 
will vary, depending on the purpose of the 
flight, true altitude attained, duration of the 
flight; passenger demands for comfort and the 
like. In military aircraft, the accomplishment 
of the mission will be the general controlling 
factor; in civilian aircraft, passenger safety and 
business success of the airline will be the general 
controlling factor. In military combat aircraft, 
when flying from 30,000 feet to 40,000 feet, 
dysbarism is probably the most compelling 
reason for pressurization, since bends are the 
most likely unavoidable cause of aborting a 
mission at those altitudes. At altitudes sig- 
nificantly above 40,000 feet both hypoxia and 
bends dictate an absolute need of some form of 
pressurization. 

In view of the above, we can see that cabin 
pressurization will always be with us. It can 
also be stated axiomatically that the possibility 
of accidental rapid decompressions will always 
be with us in some form, if not due to unavoid- 
able structural weaknesses of the aircraft, then 
due to enemy action, error on the part of the 
operator or unforseeable stresses. 
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In the past the most common cause of sudden 
accidental cabin decompression has been struc- 
tural or mechanical failures. These have most 
often been separation of a window or observa- 
tion blister, such as the astrodome, or the acci- 
dental opening of a normal exit. 

Occurrences of sudden accidental decompres- 
sions are psychologically disturbing and detri- 
mental to organizational morale. This applies 
equally to either military operations or civilian 
passenger operations. Consequently, a full 
understanding of any potential hazards which 
may exist, as well as understanding of the 
measures needed to eliminate such hazards, is 
necessary. The United States Air Force has 
found it advisable to familiarize all flying 
personnel with rapid decompression and the 
methods for eliminating potential hazards 
associated therewith. This is accomplished by 
having all personnel experience actual rapid 
decompression in indoctrination chambers as 
part of their altitude training. 

The potential hazards to crewmen and 
passengers in rapid decompression may be 
summarized as follows: (1) traumatic injury 
due to accidental ejection by wind blast, or 
aircraft deceleration; (2) non-traumatic hazards 
of hypoxia, bends, gas and vapor ebullition at 
high altitudes, and expansion of gases trapped 
in body cavities; and (3) pulmonary injury 
syndrome due to expansion of intrapulmonary 
gases. 

The principal hazards to flyers in the past 
have been in the first two categories. While 
hypoxia is regarded as the major hazard in 
flying aircraft at high altitude, accidental ejec- 
tion has led to more morbidity to date, and 
aircraft deceleration and/or disintegration due 
to major cabin disruption has contributed to a 
number of deaths in two instances as reported 
by Armstrong et al. [1]. Since such injuries are 
simply due to external blows and not peculiar 
to decompression, we shall not dwell upon them, 
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but will rather consider the possibilities and 
nature of the pulmonary injuries which, al- 
though rare, are peculiar to decompression. 


PULMONARY TRAUMA 


In order to discuss the occurrence, nature 
and mechanism of pulmonary injury, let us 
consider the etiologic forces first. 
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Fic. 1. Diagrammatic representation of a pressurized 
cabin. 


In Figure 1 we have depicted a schematic 
pressurized cabin with certain important 
physical variables. These are: 

1. Size of the cabin: Variation in size in- 
fluences the time of decompression. 

2. Size of the decompression orifice: Varia- 
tions in the size of this orifice influence the time 
of decompression, as does also the initial and 
final pressure. 

3. Ambient pressure: This is also the final 
cabin pressure following a decompression. 

4. Cabin pressure: This is also the initial 
intrapulmonary pressure. \ 

5. Differential pressure: This is the differ- 
ence between ambient pressure and _ initial 
cabin pressure; this limits the highest attain- 
able transthoracic pressure following a decom- 
pression. 

These five factors determine the time 
duration of decompression, the maximum 
intrapulmonary pressure attainable, and the 
relative volume of intrapulmonary gases before 
and after a decompression. 

In addition to the physical variables of the 
pressurized cabin, we have the physical and 
physiologic variables of the men sitting in the 
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cabin. These are: (1) an elastic and compliant 
walled thorax and abdomen, of variable thick- 
ness and weight; (2) a pulmonary decompres- 
sion orifice of variable size; and (3) lungs which 
are limited in their capacity for elastic expan- 
sion under positive intrapulmonary pressure. 
Gases which are trapped in a body cavity 
during a decompression tend to expand in 
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Fic. 2. Relative volumes of wet and dry gases versus 
pressure altitude at body temperature. 


accordance with the physical laws relating 
pressure and volume of gases. Because the 
surfaces of the lungs are wet, the gases in the 
lungs are kept saturated with water vapor. 
Therefore, the volume of trapped intrapul- 
monary gases is not exactly inversely propor- 
tional to the absolute intrapulmonary pressure, 
but is inversely proportional to absolute pres- 
sure minus the vapor pressure. Consequently, 
relative lung volumes before and after a decom- 
pression, provided no gas escapes, are ex- 
pressed by the formula 


Vi _ 47 
Ve Pi— 47 
where 
V, = initial lung volume 
V2 = final lung volume 
P, = final intrapulmonary pressure 
P, = initial intrapulmonary pressure 
47 = vapor pressure in mm. Hg at body 
temperature 


Figure 2 illustrates the gas expansion ratios 
of dry and wet gases at body temperature and 
at various altitudes. Note that these gas ex- 
pansion ratios are based on expansion to 
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ambient pressure, a situation which does not 
actually obtain in gases enclosed in body 
cavities. 

Both theoretic considerations and experience 
will indicate that there are essentially two con- 
ditions which must be considered as the most 
hazardous and most likely to produce pulmo- 
nary injury. These are: (1) conditions which 
produce overdistention of the lungs, and (2) 
exceedingly rapid decompressions which pro- 
duce intolerable rates of distention. We shall 
see that the hazards of the first condition are 
well-demonstrated and understood, while in 
the second condition they are not as well 
understood and are difficult to demonstrate 
experimentally. 

One may visualize several possible combina- 
tions of the factors depicted in Figure 1 in an 
accidental decompression. If cabin decompres- 
sion is relatively slow and the glottis remains 
open, the lungs decompress through the mouth 
or nose almost as rapidly as the cabin decom- 
presses and very little differential pressure is 
built up across the chest wall with little conse- 
quent expansion of the chest. 

If cabin decompression is relatively faster, 
the discharge of air from the lungs is speeded 
up also, but a larger differential pressure and 
more distention of the lungs occurs. This is due 
to the inability of gases to escape through the 
respiratory orifices with sufficient speed. A 
hypothetic instantaneous decompression would 
exert an initial pressure across the lung and 
chest wall which would be equal to the initial 
cabin differential pressurization. 

Actual operation experience supported by 
laboratory experiment has shown, however, 
that if the airway to the lungs remains open, 
the fastest cabin decompression likely to be 
attained, except under very special conditions, 
will not result in sufficient distention of the 
lungs to produce either injury or symptoms. 
Even with the oxygen mask on, partly ob- 
structing the expiratory passage of air, no 
injury has been encountered with chamber 
decompression as rapid as 300 milliseconds, 
from 20,000 feet to 47,000 feet [2]. 

To date we have little data on exceedingly 
rapid decompressions, i.e., of the order of 
1 millisecond, with the exception of some re- 
cently reported work on rats [3]. Theoretically, 
such decompressions could tear lung tissue by 
distending the lungs faster than the time 
required for pulmonary compliance. Individual 
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cells and fibers might be unable to elongate 
at the speed required, with consequent tearing 
of capillaries and alveolar walls and other tis- 
sues of the lung. Additionally, theories of 
excessive expenditure of energy on the lungs 
and/or blast like effects have been proposed 
[1,5]. At autopsy the rat lungs in question 
manifested extensive, diffuse hemorrhage, best 
described as “‘hepatization.” Work must first 
be done on larger animals at these exceedingly 
rapid decompression rates before extrapolation 
of the results to human beings. Such extremely 
rapid decompressions continue to be of inter- 
est, since very rapid decompression could 
theoretically occur where cabin volume is very 
small and a large potential decompression 
orifice exists. Sweeney [4] approached what he 
considered to be the limits of human tolerance 
to very rapid decompression with decompres- 
sion times of 5 milliseconds through 50 mm. Hg 
differentials, from 140 mm. Hg to 90 mm. Hg. 
Animals exposed to 5 millisecond decompres- 
sions to 40,000 feet through wide ranges of 
pressure tolerate the exposure well [13], al- 
though autopsies on such animals show patchy 
areas of hemorrhage and atelectasis. In addi- 
tion, there is evidence that a reflex effect on 
respiration and blood pressure is produced 
through reflex action initiated by the stretch 
receptors of the lung. 

Returning for a moment to our diagram, 
Figure 1, we may consider what might happen 
if the respiratory passages were completely 
blocked during a cabin decompression. In spite 
of extensive research in rapid decompression to 
altitude, we have little specific experimental 
data on rapid decompression to altitude with 
occluded respiratory passages. The hazards 
preclude such experiments in human beings, 
and animal trials have nearly all been with no 
artificial respiratory obstruction. However, 
some pertinent information is available on the 
subject as discussed herein. 

Theoretic considerations, supported by re- 
lated experiences in submarine escape training 
and ascent from depth in underwater swim- 
ming, indicate that grave damage could occur 
if complete obstructions of the respiratory 
passages were associated with rapid decompres- 
sion at altitude. Closure of the glottis by ill- 
advised voluntary breath holding, including 
Valsalva maneuvers, is the most likely means 
for such respiratory obstruction. 

If, in Figure 1, closure of the glottis were 
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complete during the decompression with an 
initial lung volume of 3,000 cc (one-half the 
total lung capacity at full inspiration), even 
disregarding the effect of water vapor, the gas 
in the lungs could expand to 6,000 cc while 
retaining a residual transthoracic pressure of 
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Fic. 3. Graphic illustration of significant pressures and 
lung volumes in a rapid decompression from 600 mm. 
Hg cabin pressure to 150 mm. Hg ambient pressure 
with a closed glottis. An initial lung volume of 50 per 
cent of total lung capacity was assumed for illustration. 
The relationship of final lung volume to final intra- 
pulmonary pressure is calculated from the formula 
The residual differential at maximum 

lung volume is the damaging factor producing pul- 
monary interstitial emphysema, mediastinal em- 


physema and air embolism. 


150 mm. Hg (300 mm. Hg, intrapulmonary; 
150 mm. Hg, ambient); if the effect of water 
vapor is added to the calculation, the final lung 
volumes and pressures are as illustrated in 
Figure 3. Animal experimentations indicate 
that marked trauma and pathophysiologic 
sequences would follow such a distention. As 
shown by Polak and Adams [5] in anesthetized 
dogs, pulmonary distention produced by 100 
mm. Hg intrapulmonary air pressure will 
produce peribronchial tearing of alveoli, capil- 
laries and small veins, followed by peribron- 
chial hemorrhage, peribronchial interstitial 
emphysema, and mediastinal emphysema; air 
emboli appear in the pulmonary veins, heart 
chambers, coronary vessels, and systemic 
vasculature. Patchy atelectasis and emphysema 
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may be associated with the hemorrhages, as 
well as frothy blood-stained fluid at the nose 
or mouth. 

There are a few cases in which experimental 
or indoctrinational rapid decompressions have 
led to near disaster by the aforementioned 
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Fic. 4. Dry gas volumes versus pressure depth below 
surface of water. 


mechanism. All were associated with breath 
holding. Benzinger [6] described two cases in 
Germany during World War 1; both were due 
to breath holding. An Air Force officer in 1944, 
misunderstood instructions prior to a familiari- 
zation decompression and suffered interstitial 
mediastinal emphysema which was manifested 
by marked interstitial emphysema of the tis- 
sues of the neck, as a consequence of holding 
his breath during: the decompression [7]. A 
second similar case was observed; both subjects 
recovered uneventfully. Both cases were asso- 
ciated with breath holding during the decom- 
pression. In fact, no cases have occurred which 
were not associated with breath holding. 

A considerably larger number of cases of 
similar pathophysiology have resulted from 
training in underwater submarine escape, as 
described by Behnke [8] and others [9-12]. 
While the injuries have not usually been 
severe, several deaths have occurred in under- 
water escape training. More recently under- 
water swimming, with breathing apparatus 
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from which the swimmer can inspire while at 
depth, has added another cause for such injury. 

Gas volume held in the lungs while under 
water varies with depth as illustrated in Figure 
4, disregarding water vapor effect and assuming 
no change in transthoracic pressure. Thus a 
person who started from a depth of 96 feet with 
2,500 cc. of gas in his lungs would, if he held 
his breath without voluntarily compressing his 
chest, have about 5,000 cc. lung volume when 
he reached the 32 foot level. If he continued 
to hold his breath until he reached the surface, 
the air could potentially double in volume 
again; since this is impossible, a high trans- 
thoracic pressure would build up with little 
more expansion; the pathophysiology de- 
scribed above would ensue. If he took a 
maximum inspiration from his breathing 
apparatus, he might suffer such injury when 
surfacing from a few feet of depth, such as the 
bottom of a swimming pool, provided he did 
not continue to breathe during the ascent. 

The pathophysiology described is the 
consequence of the physical nature of the 
pulmonary and intrathoracic structures. Posi- 
tive intrapulmonary pressure alone without 
chest and/or abdominal expansion does not 
physically injure the lungs or produce air 
embolism or interstitial pulmonary emphysema. 
Since the chest and abdomen are essentially 
isobaric regions, no change in relative pressures 
occurs within these regions and no additional 
physical stress is placed on any of the con- 
tained structures if the thoracic and abdominal 
cavities are not allowed to expand. (Such 
positive pressures do displace blood to the 
periphery, and thereby may cause a diminution 
in cardiac output.) 

However, high positive intrapulmonary pres- 
sure with distention of the lungs beyond their 
elastic limits produces injury which is char- 
acterized by tearing of pulmonary tissues 
especially in peribronchial areas. The reason 
for this selective site of tearing is purely 
anatomic and functional. When expanded 
within the ordinary limits of vital capacity 
the lungs expand uniformly in all directions, 
the bronchial tree lengthening along its entire 
length, the smaller bronchioles and alveoli 
expanding “toward” the larger divisions, as 
well as peripherally, to fill in the peribronchial 
spaces, although maintaining a pressure nega- 
tive, relative to intrapulmonary pressure, 
in the extra-alveolar peribronchial areas. Only 
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with overdistention does this uniform expan- 
sion fail, and the peribronchial alveoli are 
torn away from the adjacent bronchi; simul- 
taneously the alveoli are ruptured and small 
veins are torn. These torn vessels are held 
open by the elastic recoil of all the surrounding 
pulmonary tissue; alveolar air is allowed to 
escape into the peribronchial areas and along 
the pressure gradient into the pulmonary veins, 
as well as along the peribronchial interstitial 
routes to the mediastinum. After the dis- 
tention is relieved, similar movements of air 
probably continue during subsequent respira- 
tions, especially if positive and negative 
intrathoracic pressures are enhanced by par- 
tially obstructed airways, painful “grunting” 
breathing, improper use of full body respira- 
tors, or completely ill-advised use of positive 
pressure resusitation. 

The symptoms of such an event vary with 
the severity of the distention and damage and 
massiveness of the interstitial emphysema and 
embolism. A massive embolism will result in 
air in the left heart with cessation of cardiac 
output, cerebral ischemia, coronary embolism 
and ischemia, and probable cardiac death. 
Less massive embolism will result in chest or 
abdominal pain, either from lungs, medi- 
astinum, or heart, with symptoms of faintness 
and shock. The majority of such cases described 
in Navy diver personnel strongly suggest the 
acute myocardial ischemia syndrome. Recovery 
is frequently complete following such mild 
symptoms in divers. 

Should rapid decompression occur at alti- 
tudes significantly higher than 65,000 feet, 
vapor-thorax might ensue after a number of 
seconds to complicate any pre-existing injury. 
This induces additional atelectasis as has 
been shown in dogs decompressed to 30 mm. 
Hg (72,000 feet), Hitchcock [73], [14]. How- 
ever, in actual flight, hypoxia of an intolerably 
severe degree would have preceded the vapor- 
thorax; the emergency protection measures 
necessary to prevent the hypoxia, (pressure 
suit activation) would automatically prevent 
the vapor-thorax, as well as vapor emphysema 
or vapor embolism. 


PREVENTION 


The danger of a crew member holding his 
breath during an accidental decompression in 
flight is remote. Prevention of injury from 
ordinary rapid decompression in flight lies 
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in well known and effective measures for 
avoiding accidental ejection and hypoxia, 
as well as engineering to reduce the chances of 
hazardous decompression to an insignificant 
minimum. 

Prevention of injury in indoctrination cham- 
bers requires understanding and careful ex- 
planation regarding the hazards of breath 
holding during an anticipated decompression. 
The experience gained in submarine escape 
training and underwater swimming may be 
used to good advantage in such familiarization. 


TREATMENT 


Should accidental pulmonary injury occur 
during a decompression, treatment would 
depend on available facilities, circumstances 
and severity of injury. In flight one could do 
little else than give the subject 100 per cent 
oxygen and place him in a horizontal position, 
administering such supportive therapy as is 
indicated and feasible. If an injury should 
‘occur during an indoctrination decompression 
in a chamber, immediate recompression to 
ground level is the first step. Diagnostic, 
monitoring, and therapeutic aids should always 
be available at any altitude chamber. If 
symptoms of air embolism are present, com- 
pression to several atmospheres, using 100 
per cent oxygen, followed by slow decom- 
pression to one atmosphere, in accordance 
with Navy treatment tables for divers, is 
probably indicated. All necessary diagnostic 
and therapeutic aids should be available in 
such a chamber. Pulmonary edema, depressed 
respiration, and symptoms of shock may com- 
plicate the picture in varying degrees and 
modify therapy. If pneumothorax is present, 
it should be relieved by aspiration through an 
intercostal space. 


SUMMARY 


The hazards of rapid decompression in flight 
lie chiefly in ensuing hypoxia, accidental 
ejection, and associated physical injuries. 
Proper equipment and operating procedures 
can circumvent all these hazards. During 
chamber indoctrination runs, rapid decom- 
pression can produce pulmonary injury if 
persons anticipating the decompression in- 
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tentionally close the glottis or Valsalva, at 
the wrong moment. The mechanism of injury 
and the sequelae are identical with those of 
injury while surfacing from depth under water, 
where opportunity to inspire at depth existed, 
and the glottis was closed during the ascent. 
Experience to date would indicate that un- 
intentional closure of the glottis at the time 
of an unpredictable accidental decompression 
in an aircraft is extremely unlikely, and the 
hazard of pulmonary injury exceedingly re- 
mote. The problem of exceedingly rapid de- 
compressions, of the order of 1 to 5 milli- 
seconds is briefly discussed. 
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To latest available review of injuries in- 
curred in U. S. A. F. aircraft accidents [1] 
reveals that approximately two-thirds of the 
deaths result from multiple severe injuries and 
as such are beyond the realm of rescue or 
resurrection by timely medical intervention. 
The remaining one-third of deaths, however, 
are due to identifiable causes and offer a 
challenge to the medical profession. These 
lethal lesions fall into three categories as 
follows. 


CRANIAL INJURY 


Excluding multiple injuries, this is the most 
frequent cause of death in aircraft accidents. 
The range of such injury is extremely broad, 
varying from concussion to decapitation. The 
majority of such cases, however, are relatively 
severe fractures with attendant cerebral dam- 
age, and surgical intervention offers little hope 
for saving lives. Although any case of cranial 
injury in aircraft accidents needs to be care- 
fully considered because of the possibility of 
simple vascular tears or other remedial lesions, 
the following case is quoted as being typical 
of the type of lethal cranial injury frequently 
encountered. 


At 12:20 p.M., Lieut. L. J. D., pilot of a fighter 
aircraft, was making a conventional approach to 
runway 25 after a routine training flight. The air- 
craft was observed to make a low turn toward the 
runway but sank rapidly and struck short in wings- 
level, nose-high attitude. The landing gear sheared 
and the aircraft plowed about 400 feet, struck a 
firm 8 foot embankment and climbed the embank- 
ment while rotating to the left. The pilot was 
spontaneously ejected from the aircraft, probably 
at the time the embankment was hit, thrown 
over a building, and landed still strapped in the 
seat. He was immediately taken to the station 
hospital where he arrived unconscious and bleeding 
from an avulsed injury to the scalp. He failed to 
respond to emergency measures and died at 
2:25 P.M. 


Lethal Lesions Incurred in Aircraft Accidents 


Cot. H. G. MosE ey, o.c., u.s.a.F., San Bernardino, California 


Autopsy protocol (greatly abbreviated) was as 
follows: The body was that of a white male, 
6714 inches in length. The scalp was avulsed from 
the brow to the vertex. There was ecchymosis of 
the right eyelid and right ear but no bleeding from 
the auditory meatuses. The neck revealed a 
tracheotomy incision. On the trunk, there were 
contusions of both shoulders corresponding to the 
position of shoulder restraint straps. The thorax 
and abdomen were normal. The upper extremities 
had superficial abrasions. On the left lower ex- 
tremity there was a 3 inch laceration through the 
gastrocnemius muscle. A simple fracture of the 
left ankle was also noted. 

Autopsy findings were as follows: After incision, 
examination of the chest and abdomen revealed 
minute petechiae scattered diffusely over the 
mediastinal pericardium, eccymosis of the right 
parietal pleura at the level of the fifth to seventh 
ribs, and a small amount of bloody, frothy fluid 
in both main stem bronchi. There were no other 
abnormalities or significant findings in these areas. 

Examination of the central nervous system 
presented the most significant findings and the 
following report constituted the pathologic diag- 
nosis and cause of death: (1) contusion over the 
vertex of the brain, extending laterally over both 
cerebral hemispheres; (2) contusions over lateral 
surfaces of cerebellar hemispheres; (3) contusion of 
inferior surface of cerebrum anterior to the optic 
chiasma. 


BURNS 


Burns are the second most frequent cause of 
death in aircraft accidents, again excluding 
multiple injuries. Due to the fact that this type 
of injury ordinarily results from intimate asso- 
ciation with burning petroleum products, the 
burns are usually quite extensive and fail to 
respond to the most vigorous and thorough 
burn management. In addition, asphyxiation 
from inhalation of hot gases is often encoun- 
tered. These cases stress the need for prompt 
rescue as well as management of burns if 
survival is to be effected. The following case 
is an example: 
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Capt. M. M., a pilot, was bringing his fighter 
airplane in for a landing following a cross country 
flight. His technic in approaching the field was 
very poor (there is considerable evidence that he 
was suffering from hypoxia), and the aircraft 
struck the ground in an open field approximately 
1g mile short of the runway. It slid approximately 
800 yards and burst into flame. Although the cock- 
pit remained relatively intact, the pilot made no 
attempt to escape. Crash rescue personnel arrived 
in approximately four minutes and extinguished 
the fire. The pilot was dead when removed imme- 
diately thereafter. Cause of death was attributed 
to asphyxia due to inhalation of hot air and flames. 

Autopsy report (abbreviated) was as follows: 
The body was that of a white male, approximately 
65 inches in length. The hair was entirely burned 
from the scalp, and the scalp, the left side of the 
face and the left side of the neck were covered 
with eschar. The upper third of the posterior 
trunk was covered with very slight eschar and 
second degree burns. Gross examination of the 
anterior chest and abdomen, and the lower two- 
thirds of the back and buttocks revealed no 
abnormalities. There were second and third degree 
burns of the right hand and the entire left arm. 
Just above each knee overlying the quadriceps 
tendon were superficial avulsed abrasions about 
11g by 1 inch. Gross examination of the legs, 
ankles and feet revealed no significant findings. 

Autopsy findings (abbreviated) were as follows: 
The pleural space contained a normal amount of 
fluid, and both the parietal and pulmonary pleurae 
appeared shiny and smooth. There were no ad- 
hesions. The diaphragm revealed no defects. The 
intestinal tract showed no sign of contusion or 
perforation. The mesentery and greater omentum 
appeared normal. The kidneys were examined 
and were grossly normal. The spleen was enlarged, 
engorged and bluish; the capsule was tense. Cut 
section exuded a very black liquid blood. 

The liver was grossly normal and showed no 
sign of trauma. The heart was removed by section- 
ing the aorta and pulmgnary vessels. The right 
atrium and right ventricle were distended with 
black blood. The left ventricle was contracted and 
contained very little blood. The valves, endo- 
cardium, myocardium and pericardium were all 
grossly normal. The lungs were removed by sec- 


tioning the pulmonary vessels and the trachea . 


several rings above its bifurcation. Their gross 
appearance was very dark blue. The lung was 
removed from the table and the bronchi were 
opened with scissors. A strong odor of smoke was 
detected. There was no gross evidence of change 
in the bronchial lining; however, the smaller 
bronchi contained a frothy clear fluid. The lungs 
themselves appeared moist and congested and on 
cut section exuded a clear, frothy fluid. Autopsy 
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diagnoses were: (1) eschar of scalp, posterior and 
left lateral neck, left side of face, left ear, left 
nostril, left upper eyelid and left upper lip; (2) 
second and third degree burns of entire left upper 
extremity; (3) second and third degree burns of 
right hand and wrist; (4) denudation of skin of 
shoulders; (5) eschar and second degree burns of 
upper posterior trunk; (6) contusion of scrotum; 
(7) contusion with avulsion of skin in upper, 
adductor surface of each thigh; (8) acute pul- 
monary congestion; (9) possible intracapsular 
bleeding of spleen; and (10) transverse linear skull 
fracture, anterior parietal area (by x-ray). 

The clinical impression as to cause of death was 
(1) acute asphyxia due to the inhalation of hot 
air and flame; (2) possible intracapsular bleeding 
(spleen), post-traumatic; and (3) hypoxia, prior 
to accident. 


MISCELLANEOUS LETHAL LESIONS 


A small percentage of deaths in aircraft 
accidents result in miscellaneous and sometimes 
unexpected lesions. These are of interest not 
only because they are potentially responsive to 
treatment but also because they sometimes 
constitute a diagnostic challenge. In this cate- 
gory are the deaths from shock secondary to 
amputations or extensive trauma, deaths from 
multiple fractures, various spinal cord injuries, 
pulmonary blast injuries, and severe lacerations 
or injuries to the organs of the thorax and ab- 
domen. Of particular interest in this latter 
category are deaths due to vascular tears. It 
appears that in certain high impact accidents, 
the weight of the heart or kidneys overstresses 
the vascular moorings with the resultant tears 
of veins or arteries and rapid exsanguination. 
The following is an example of death due to 
such a cause. This case, incidentally, is remark- 
able for the tenacity of life in the face of mul- 
tiple injuries. 


Lieut. W. C. S., a pilot, experienced power failure 
in his fighter aircraft while coming in for a routine 
landing. The aircraft stalled, fell off on the left 
wing, crashed into the ground and exploded. The 
impact actuated the ejection seat which catapulted 
the pilot out of the aircraft. He subsequently 
landed still strapped to his seat approximately 
20 yards from the burning aircraft. The time was 
11:13 A.M. 

The patient was picked up 2,000 feet short of the 
runway following a flameout of his aircraft. At the 
scene of the accident the patient was found about 
20 yards from the burning aircraft, strapped to the 
ejection seat and lying on his right side. His left 
leg was broken below the knee, and he was having 
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Lethal Lesions Incurred in Aircraft Accidents 


difficulty breathing. The patient was released 
from the seat, placed in the ambulance and taken 
to the operating room, unconscious. The wounds 
on the left palm and on the left upper lip were 
débrided and sutured. Bilateral trephination, 
tracheotomy, treatment of the fracture of the 
middle and lower third of the left tibia and fibula, 
and transfusion of 1,000 cc. of blood were accom- 
plished. The patient was taken to the ward in fair 
condition and supportive measures were taken, 
but his condition rapidly became worse and he 
was pronounced dead at 12 p.m. on October 29, 
1954, twelve hours and forty-seven minutes after 
injury. 

Autopsy protocol was as follows: The body was 
that of a well developed, well nourished white 
male, approximately 71 inches in length and 
weighing about 180 pounds. The body had previ- 
ously been injected and the scalp had previously 
been shaved. It was noted that the entire scalp 
and facial structures were swollen. There was 
bilateral ecchymosis of the eyes. Laceration of the 
left lip was evident. There were also abrasions 
about the scalp. There was no crepitation. The 
neck appeared to be normal. The thorax showed 
evidence of abrasions resulting from harness burns. 
There appeared to be no crepitation or gross 
evidence of broken ribs. The abdomen was of 
normal contour. There were no lacerations present. 
The genitalia were those of a normal adult male. 
A tracheotomy incision was noted in the neck. 
There were two sutured wounds just lateral to the 
cavernous sinus on the cranium. There was a 
compound comminuted fracture of the left lower 
tibia and fibula. There was evidence of a cut-down 
on the right lower leg, previously sutured; and 
on the right upper anterior thigh, suture of a 
laceration approximately 1 inch in length was 
also noted. There was a laceration of the left palm 
approximately 114 inch in its greatest length. 
No other gross abnormalities were noted. 

The usual Y-shaped incision was made, extend- 
ing from the clavicles down to the symphysis 
pubis. On opening the abdominal contents, ap- 
proximately 2.5 cm. of yellow fat were noted. 
The musculature was normally developed and 
purplish red in color. 

The chest cavities contained an excess amount 
of watery bloody fluid, approximately 100 cc. in 
each. The pleura was shiny and glistening. Directly 
beneath the sternum there was a mediastinal 
hematoma which contained approximately 50 cc. 
of fluid. A considerable amount of edema was also 
noted in the mediastinum. There was no evidence 
of fracture of the thoracic vertebrae. The peri- 
cardial cavity contained approximately 20 cc. of 
clear fluid. The heart was not enlarged. No gross 
abnormalities were noted except in the pericardial 
sac itself where there was some extravasation of 


blood from the mediastinal hematoma. The ab- 
dominal cavity contained a small amount of 
free fluid. The bowel was not distended. The peri- 
toneal surfaces were shining and glistening. The 
liver was visible beneath the right coastal margin. 
The liver edge was sharp. The spleen was not 
visible; the bladder was visible at the symphysis 
pubis. There was a moderate amount of omental 
fat. 

The lungs appeared to be in normal position. 
There were no adhesions. The pleura was thin and 
translucent. Some ecchymotic areas were noted 
on the bases of each lung. These areas of hemor- 
rhage extended deep into the lung parenchyma, 
mainly posteriorly. The remainder of the lung 
was grayish pink in color. The surfaces were 
moist, and on cut surface a frothy material exuded. 
The trachea and bronchi did not appear to be 
injured. There was, however, a_ considerable 
amount of edema throughout the lungs, located 
mainly posteriorly. 

The heart showed no evidence of traumatic 
changes. The epicardium was thin and translucent. 
The myocardium was pale brownish red in color. 
No areas of hemorrhage were seen and no areas of 
softening were palpated. The heart had sinus 
rhythm. The heart was not cut, but was sent to 
the laboratory for further examination. 

No abnormalities of the abdominal viscera were 
noted. 

On opening the posterior peritoneum, a large 
retroperitoneal hematoma was noted which ex- 
tended mainly from the right side across the mid- 
line into the left side. This hematoma also dis- 
sected up between the peritoneum covering the 
large bowel, transverse colon portion.* The uri- 
nary bladder was of normal configuration, con- 
tained yellow urine, and did not appear to be 
injured. 

There were no gross abnormalities in the gastro- 
intestinal tract except the previously mentioned 
retroperitoneal hemorrhage which extended up 
into the mesentery of the large bowel. 

The brain was exposed in the usual manner 
without difficulty. On removal of the cranial 
vault, there was no evidence of fracture. Two 
burr holes were placed just lateral to the cavernous 
sinus, extending down to the dura and through the 
dura bilaterally. There was a small amount of 
extradural hemorrhage, approximately 10 cc., 
on the right. On opening the dura, a considerable 
amount of edema over the surface of the brain 
was noted. The brain tissue itself appeared to be 
hemorrhagic. The vessels of the brain did not 
appear to be damaged. Minute petechial hemor- 


* Although the exact source of this hemorrhage was 
not identified in the gross autopsy report, similar cases 
have revealed tears in the large renal vessels and, more 
occasionally, in the aorta itself. 
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rhages were noted over the left frontal lobe. The 
brain was removed and fixed in solution. 

The patient had a compound comminuted frac- 
ture of the left tibia and fibula at the lower and 
middle thirds. There was also a displaced fracture 
of the twelfth thoracic vertebra; retroperitoneal 
hemorrhage was present bilaterally. No skull 
fractures were present and no other fractures were 
noted throughout the skeletal system. Specimens 
of different organs were taken and immediately 
placed in fixing solution for further examination. 

The pathologic (and clinical) diagnoses were: 
(1) right extradural and left subdural traumatic 
hematoma; (2) concussion of brain; (3) generalized 
cerebral edema due to trauma; (4) simple, com- 
minuted, displaced fracture of T-12 with severance 
of spinal cord (artery or nerve involvement unde- 
termined); (5) compound, comminuted fracture of 
lower and middle thirds of left tibia and fibula 
(artery or nerve involvement undetermined); 
(6) traumatic hematoma in mediastinum; (7) 
bilateral pulmonary edema due to trauma; (8) 
interstitial traumatic hemorrhage of lung base; 
(9) traumatic, retroperitoneal, bilateral hematoma 
of lumbar area; (10) lacerated wound on left palm 
(artery or nerve involvement undetermined); 
(11) punctured wound on right anterior upper 
thigh (artery or nerve involvement undetermined) ; 
(12) lacerated wound on left upper leg (artery or 
nerve involvement undetermined); (13) con- 


0) 


tusions on anterior thorax, lower legs and both 
forearms; (14) ecchymosis around both eyes due 
to trauma; (15) abrasions on lower legs; and 
(16) severe shock due to trauma. 


CONCLUSIONS 


The majority of fatalities in aircraft acci- 
dents are caused by extreme forces and result 
in multiple lethal injuries. However, a sizable 
number of fatalities are caused by single 
identifiable lesions and present a significant 
challenge to the medical profession. The in- 
juries in this category most frequently en- 
countered are injuries to the head and burns. 
Also less frequently encountered, but never- 
theless potentially responsive to prompt surgi- 
cal intervention, are internal injuries, particu- 
larly vascular tears. Such injuries tend to be 
exceptionally severe and present a serious 
problem in medical management. Aircraft 
accidents also appear to present a requirement 
for the development of new procedures, particu- 
larly for the care of serious cranial injury, 
extensive burns and vascular tears. 


REFERENCE 


1. Mosetey, H. G. Injuries incurred in USAF aircraft 
accidents. Military Med., 116: 440-445, 1955. 
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THE AMERICAN ASSOCIATION. 
FOR THE SURGERY OF TRAUMA 


OFFICERS 
1956-1957 


President: Charles G. Johnston, M.D., Detroit, Mich. 
President-Elect: William L. Estes, Jr., M.D., Bethlehem, Pa. 
Vice-President: Truman G. Blocker, Jr., M.D., Galveston, Texas 
Secretary: James K. Stack, M.D., Chicago, Ill. 


Treasurer: Raymond Householder, M.D., Chicago, Ill. 
Recorder: Preston A. Wade, M.D., New York, N. Y. 


COUNCIL 
Warren H. Cole, M.D., Chicago, Ill., Chairman 
Robert H. Kennedy, M.D., New York, N. Y. 
Eslie Asbury, M.D., Cincinnati, Ohio 
John D. Stewart, M.D., Buffalo, N. Y. 
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The next annual meeting of 


THE AMERICAN ASSOCIATION 
FOR THE SURGERY OF TRAUMA 


will be held 
October 31 through November 2, 1957 
at 
THE HOMESTEAD 


Hot Springs, Virginia 
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NILEVAR FOR PROTEIN TISSUE BUILDING 


Protein Deficiency, a Hazard in 


Surgical Patients, Reversed with Nilevar® 


With surgery made safe for the patient, 
the patient may now be made safe for surgery. 


NITROGEN LOSSES IN SURGICAL PATIENTS (after Rhoads*) 


Cholecystectomy 114.0 


Colon resection 37.0 | 
Acute appendicitis 49.0 


*COMPLETE DATA IN ORIGINAL ARTICLE (Rhoads, J. E.: Internat. Abst. Surg. 94:417 (May) 1952.) 


Patients about to undergo extensive surgery! Nilevar is specific. There are usually minimal or 
frequently have negative nitrogen balance and __no androgenic side effects. 

protein deficiency. And after any severe trauma, In addition to its use both preoperatively and 
including extensive surgery, the rate of protein postoperatively, Nilevar is indicated in all con- 
breakdown is increased. ditions in which excessive protein catabolism 

It is also well recognized that patients with a (nitrogen loss) hinders or delays convalescence: 
strongly negative nitrogen balance are much Recovery from pneumonia, poliomyelitis, se- 
more prone to suffer delayed wound healing?, vere burns and fractures, and in the care of pre- 
secondary infections*®, shock? and delayed con- mature infants, decubitus ulcers and wasting 
valescence*. diseases such as cancer and tuberculosis. 

The need for an effective protein anabolic The daily adult dose is three to five Nilevar 
agent is stated by Moore and Ball'—“there is one _ tablets (30 to 50 mg.). For children the daily 
unbreakable rule of surgical convalescence: to dosage is 1 to 1.5 mg. per kilogram of body 
complete his recovery, regain strength and re- weight for the first ten days of treatment, after 
turn to work the patient must come into positive which the daily dosage should be reduced in all 
nitrogen balance.” prepuberal patients to 0.5 mg. per kilogram of 

Nilevar (brand of norethandrolone) is a new body weight. Individual dosages depend on the 
anabolic steroid which rapidly and effectively re- need for and the response to therapy. G. D. 
verses or diminishes excessive protein catabolism Searle & Co., Chicago 80, Illinois. Research in 
and nitrogen loss accompanying major surgical the Service of Medicine. References supplied on 
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antibacterial protection without tissue toxicity 


FuRACIN has a unique mode of action—through disruption of the 
enzymatic metabolism of bacteria—with no effect on regenerating 
human tissue. FURACIN has the widest spectrum of topical antibacterials 
in use today, including many organisms that have developed resis- 
tance to other agents. Thus FuRACIN provides safe protection against 
infections of surgical or traumatic wounds. 


FuRACIN’S water-soluble base permits drainage, prevents maceration, 
promotes healing by control of infection. This nitrofuran—neither 
antibiotic nor sulfonamide—remains effective in the presence of 
blood, pus and serum. 


Furacin® Soluble Dressing 


BRAND OF NITROFURAZONE 


Spread Furacin Soluble Dressing: Furacin 0.2% dissolved in water- 
soluble, ointment-like base of polyethylene glycols. 56 Gm. tube; 141 Gm., 
454 Gm. and 5 Ib. jars. 

Sprinkle Furacin Soluble Powder: Furacin 0.2% in powder base of 
water-soluble polyethylene glycols. Shaker-top vial of 14 Gm. 


Spray Furacin Solution: Furacin 0.2% in a liquid vehicle of polyethylene 
glycols 65%, a wetting agent 0.3% and water. Bottles of 59 cc. and 473 cc. 


EATON LABORATORIES NORWICH, NEW YORK 


34 


| 
- 
a 
yy 
: WS? 
Nit... = 
AY 
3 
{ 
AWA 
4 
4 
| 
Wi 


NEW, IMPROVED 


Mueller-Balfour 
Abdominal Retractor 


Now the interchangeable, spring-tempered wire blades 
lock simply, but securely, in the side arms without thumb 
screws or other losable parts. 


This versatile Retractor has the exclusive spring-latch 
construction and wide bar, notched for easy adjustability 
and permanent non-slip retention. 


With its adaptability and its six interchangeable blades, 
the Mueller-Balfour Retractor is both a standard retrac- 
tor and a deep retractor—in one instrument. Stainless 
steel. 


As described in Armamentarium Vol. II, No. VIII 
SU-3040—Complete 


WELLER CO. 


330 South Honore Street 
Chicago 12, Illinois 
Dallas * Houston * Los Angeles ° Rochester, Minn. 
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Meat Protein... 


and the Many Physiologic 
Functions of Its Amino Acids 


The amino acids supplied by meat protein function in many vital ways in 
addition to their well-known role in the growth and maintenance of tissues. 
They participate in the body economy as precursors of hormones, vitamins, 
enzymes, and other physiologic agents.* 


Some of the important amino acids supplied by the protein of meat 
include: tryptophan (utilized for the endogenous production of 
niacin) ; tyrosine (the precursor of thyroxine and triiodothyronine) ; 
phenylalanine (converted to melanin, a pigment found in the skin, 
hair, retina, and other tissues; both phenylalanine and tyrosine are 
precursors of the hormones noradrenalin and adrenalin); glycine 
(participates in the formation of glutathione, a tripeptide important 
in tissue oxidation, in the biosynthesis of glycocholic acid, and in 
the production of purines, uric acid, and porphyrins used structur- 
ally for hemoglobin, cytochromes, and iron-containing enzymes); 
methionine (an important lipotropic agent; participates in trans- 
methylation processes in which creatine, adrenalin, and choline 


phospholipids are formed). 


Top quality protein, as supplied by meat, yields important amino acids for 
participation in these and other important functions. The excellent balance of 
available amino acids is an outstanding feature of meat protein. 


*Geiger, E.: Digestion, Absorption and Metabolism of Protein, in Wohl, M. G., and Goodhart, 
R. S.: Modern Nutrition in Health and Disease, Philadelphia, Lea & Febiger, 1955, pp. 98-143. 


The nutritional statements made in this advertisement 
have been reviewed by the Council on Foods and Nutri- 
tion of the American Medical Association and found 
consistent with current authoritative medical opinion. 


American Meat Institute 
Main Office, Chicago... Members Throughout the United States 
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fastest acting local anesthetic— 


: as safe as it is effective 


How safe is Xylocaine? In five years, over 500,000,000 injections of Xylocaine HCl 
Solution have been given. “The apparent clinical safety of Xylocaine is gratifying, for 
without this quality, its additional properties would not warrant an enthusiastic report. 
Nor would safety alone call for a high recommendation unless additional desirable properties 
were to be found. The truth of the matter is, however, that Xylocaine approaches the ideal 
drug more closely than any other local anesthetic agent we have today.”* 


How effective is Xylocaine? Xylocaine HCl Solution produces more rapid, complete, and 
deeper anesthesia than other local anesthetics used in equivalent doses. By infiltration, 
Xylocaine gives a wide area of analgesia, and surrounding tissues are also anesthetized. 
The long duration of Xylocaine action reduces the need for additional injections. At the 
same time, it assures greater comfort for a longer period—often when it’s needed most. 


How does Xylocaine fit into my practice? Xylocaine is the ideal agent for local infiltration 
anesthesia because it is safe, fast acting and of long duration. It is used routinely in daily 
practice for countless minor surgical procedures such as closure of lacerations, 
removal of cysts, moles, warts; treatment of abscesses; and in reduction of fractures. 
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It has also become the choice of many physicians for therapeutic interruption 
of nerve function by temporary nerve blocks in herpes zoster, subdeltoid 
bursitis, fibrositis, myalgia of shoulder muscles, periarthritis due to trauma, and 
painful postoperative scars. The relief of pain in these conditions at times 
appears to be the most important part of treatment. 


The remarkable topical anesthetic properties of Xylocaine HCI Solution 
further enhance its usefulness for minor operations. Topical anesthesia 
can be obtained by spraying, by applying packs, by swabbing, or by 
instilling the solution into a cavity or on a surface. 


Xylocaine HC! Solutions are available in 2 cc. ampuls, 20 cc. and 
50 cc. vials in strengths.of 0.5%, 1% and 2%, with or without epinephrine. 


Bibliography of approximately 300 Xylocaine references upon request. 


*Southworth, J. L., and Dabbs, C. H.: Xylocaine: a superior agent for conduction 
anesthesia, Anesth. & Analg. 32:159 (May-June) 1953. 


Astra Pharmaceutical Products, Inc., Worcester 6, Mass. 
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MORE AND MORE PHYSICIANS. FIND ADDED 


CERTAINTY WITH NEW 


HIGHLY EFFECTIVE... 
CLINICALLY PROVED 


multi-spectrum synergistically strengthened 
SIGMAMYCIN — for the widest variety of in- 
fections seen regularly by the practicing phy- 
sician ...the greatest potential value with the 
least probable risk 


Sigmamycin provides the unsurpassed anti- 
microbial spectrum of tetracycline extended 
and potentiated with oleandomycin to include 
even resistant strains of certain pathogens — 
particularly resistant staphylococci — and to 
delay or prevent the emergence of new anti- 


OLEANDOMYCIN TETRACYCLINE 


biotic-resistant strains, thereby providing: 

1. a new maximum in therapeutic 
effectiveness 

2. anew maximum in protection against 
microbial resistance 

3. anew maximum in safety and toleration 


SIGMAMYCIN CAPSULES: 250 mg. (oleando- 
mycin 83 mg., tetracycline 167 mg.), bottles 
of 16 and 100; 100 mg. (oleandomycin 33 mg., 
tetracycline 67 mg.) , bottles of 25 and 100. 

SIGMAMYCIN FOR ORAL SUSPENSION: 1.5 Gm., 
125 mg. per 5 cc. teaspoonful (oleandomycin 
42 mg., tetracycline 83 mg.), mint flavored, 
bottles of 2 oz. 


* Trademark 


World leader in antibiotic development and production Pfiz er 
PFIZER LABORATORIES, Division, Chas. Pfizer & Co., Inc., Brooklyn 6, N. Y. 
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Staffed to bring you the latest in medical 


findings, research and evaluation. A practical 
teaching journal on post-graduate medicine. 


Special Subscription Offer 


With your new subscription to THE 
AMERICAN JOURNAL OF MEDICINE you 
will receive a FREE copy of the latest Seminars 
on Blood Coagulation. 


Your Own Binder for Permanent Filing 


Keep your copies of AJM for 
finger-tip reference in this 
handsome green fabric binder 
with lettering in gold. Holds 
six journals per binder. Only 
$2.50 for one; 3 for $7.00, 
USA; add $1.00 for postage 
to Canada, Mexico and else- 
where. Order direct from mfg. 
Jesse Jones Box Corp., Dept. 
YP, P.O. Box 5120, Philadel- 
phia 41, Pa. (Shipments sent 
postpaid in sturdy carton.) 
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AMERICAN 


Eries>Pennsylvania 


Your copy of Accessory 
Brochure C-183 is avail- 
able upon request. 


Narrow Table Attachment for infant surgery and head and 
neck surgery permits surgeon ideal proximity to operative site. 


Illustrating use of Arm Support, Thoracic Frame for prone positioning provides 
Headrest and Restraint Strap ap- unobstructed access to the operative site, 
propriate for a neurosurgical pro- minimum shock to patient and progressive 
cedure in the upright position. posturing during procedure. 
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COOK COUNTY 


GRADUATE SCHOOL OF MEDICINE 


INTENSIVE POSTGRADUATE COURSES 
STARTING DATES—SPRING, 1957 


SURGERY—Surgical Technic, Two Weeks, April 29, 


May 13 

Surgery of Colon & Rectum, One Week, May 6 
General Surgery, Two Weeks, May 6, One Week, 
May 13 

Surgical Anatomy & Clinical Surgery, Two Weeks, 
June 17 

Thoracic Surgery, One Week, June 10 
Esophageal Surgery, One Week, June 17 

Breast & Thyroid Surgery, One Week, June 17 
Gallbladder Surgery, Three Days, June 24 
Surgery of Hernia, Three Days, June 27 


Fractures & Traumatic Surgery, Two Weeks, 


June 17 


GYNECOLOGY & OBSTETRICS— 
Office & Operative Gynecology, Two Weeks, 


June 17 


TEACHING FACULTY—ATTENDING STAFF 


of Cook County Hospital 
Address Registrar, 707 South Wood Street, Chicago 12, Illinois 


Vaginal Approach to Pelvic Surgery, One Week 
June 10 


General & Surgical Obstetrics, Two Weeks, May 6 
MEDICINE—General Review Course, Two Weeks, 

April 29 

Electrocardiography & Heart Disease, Two-Week 

Basic Course, July 8 

Hematology, One Week, June 17 


RADIOLOGY—Diagnostic X-Ray, Two Weeks, April 
29 


Clinical Uses of Radioisotopes, Two Weeks, May 
6 


CYSTOSCOPY—Ten Day Practical Course by 
appointment 

PEDIATRICS—Two-Week General Course, May 13 
Neuromuscular Diseases, Two Weeks, July 8 


THE NEW YORK 


MEDICAL SCHOOL AND HOSPITAL 


(ORGANIZED 1881) 
(The Pioneer Post-Graduate Medical Institution in America) 


SURGERY and ALLIED 
SUBJECTS 


A two months full-time surgical course comprising general sur- 
gery, traumatic surgery, abdominal surgery, gastro-enterology, 
nemagery gynecological surgery, urological surgery. Attend- 
ance at lectures, witnessing operations, examination of patients 
pre-operatively and post-opetatively and follow-up in the wards 
post-operatively, Pathology, roentgenology, physical medicine, 
anesthesia. Cadaver go nr ng in surgical anatomy, thoracic 
surgery, pesceeay. orthopedics. Operative surgery and opera- 
tive gynecology on the cadaver; attendance at departmental and 
general conferences. 


PRACTICAL 
ELECTROCARDIOGRAPHY 


os —_ weeks part time elementary course for the practitioner 

m an understanding of electrophysiologic principles. 
Sereda unipolar and precordial electrocardiography of the nor 
mal heart. Bundle branch block, ventricular hypertrophy, and 
myocardial infarction considered ‘from clinical as well as electro- 
cardiographic viewpoints. Diagnosis of arrhythmias of clinical sig- 
nificance will be emphasized. Attendance at, and participation in, 
sessions of actual reading of routine hospital electrocardiograms. 


COURSE FOR GENERAL 
PRACTITIONERS 


FOR INFORMATION ABOUT THESE AND OTHER COURSES ADDRESS 
THE DEAN, 345 West 50th Street, New York 19, N. Y. 


Four weeks intensive full-time instruction covering those sub- 
jects which are of particular interest to the physician in general 
practice. Fundamentals of the various medical and surgical spe- 
cialties designed as a practical review of established procedures 
and recent advances in medicine and surgery. Subjects related to 
general medicine are covered and the surgical departments par- 
ticipate in giving fundamental instruction in their specialties. 
Pathology and radiology are included. The class is expected to 
attend departmental and general conferences. 


DERMATOLOGY AND 
SYPHILOLOGY 


A three year course fulfilling all the requirements of the American 
Board of Dermatology and Syphilology. Attendance at depart- 
mental and general conferences. 
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(CRYSTALLINE SODIUM NOVOBIOCIN) 


You may depend on CATHOMYCIN for rapid control of 
infections caused by Staphylococcus and Proteus, including 
those previously resistant to all clinically useful antibiotics. 
CATHOMYCIN is well tolerated by most patients, will not 
upset the gram-negative intestinal flora, and displays no 
cross resistance with other antibiotics. CATHOMYCIN in full 
dosage may be used in combination with other antibiotics 
where indicated. 

Dosage: Two capsules (500 mg.) twice daily. 


: CATHOMYCIN Sodium in capsules, each containing the equivalent of 
mg. novobiocin, bottles of 16. 


CATHOMYCIN is the trade-mark of Merck & Co., Inc. 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO..INC., PHILADELPHIA 1, PA. 


; 
2 
For new confidence in antibiotic therapy 
= 
Sup 
250 
| 
; 
4. 


orally...intravenously 
| palliative of choice 


ostrol 


Diethylstilbestrol Diphosphate, AMES 
Tablets - Ampuls 


in prostatic carcinoma 


Initially or as maintenance _af therapy well- tolerated STILPHOSTROL 


fer cent of Patients. 
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ese sutures 


rough the arterial 


treated surgical silk — 


and still the First 
from spools... | 


Deknatel & Son, Inc. 


Queens Village 29, N.Y. 
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Preeision 


ag IS IN THE BALANCE 

..-the Sharpness...the Strength 
3} | To meet the surgeon’s need for PRECISION- 
a dependability, every Crescent Blade is 

. . 

precision-made for fine balance 


e precision-honed for extreme sharpness | 
 precision-tested for strength and rigidity 
® precision-protected by the new moisture- 
proof, all-climate, aluminum-foil wrapping 
Use of a new Swedish steel of high carbon 
content and unusually fine grain assures 
precision-performance in every “Master 
Blade” for the Master Hand. KK 


Samples on Reanest 


a CRESCENT SURGICAL SALES CO., INC. 
pets 48-41 Van Dam, Long Island City 1 


SURGICAL BLADES AND HANDLES 


Back Jssues Wanted 


(MUST BE IN GOOD CONDITION) 


THE AMERICAN JOURNAL OF SURGERY 


will pay $1.00 per copy for 


the following issues: 


December 1946 


January 1947 
March 1947 


January 1948 
February 1948 


January 1951 


Send to 


The American Journal of Surgery, Inc. 
49 West 45th Street New York 36, N. Y. 
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---no known contraindications. 
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Many thousands of cases attest (| 
to the efficacy of [§ 


Salicylate* 


(Brand of carbazochrome salicylate) 


in the control of bleeding 


Adrenosem Salicylate has been used prophylactically and 
therapeutically in virtually every operative procedure. 
Case histories have been published on its successful use 
in the following procedures and conditions: 
Tonsillectomy, adenoidectomy and nasopharynx surgery 
Prostatic, bladder and transurethral surgery 

Excessive postpartum bleeding and uterine bleeding 
Thoracic surgery 

Gastrointestinal bleeding 


Also: 

Idiopathic purpura Hemoptysis THE S.E. 

Retinal hemorrhage Hematuria 

Familial telangiectasia Pulmonary bleeding M A S Ss E N G i LL 
Epistaxis Metrorrhagia and COMPANY 


menorrhagia 


1. Bacala, J.C.: The Use of the Systemic Hemostat, 
Carbazochrome Salicylate, West. J. Surg. 64:88 (Jan., 1956) 


Bristol, Tennessee New York 


*US. Pat. 2581850; 2506294 Kansas City + San Francisco 
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Salicylate 


“*...a potent antihemorrhagic factor.” 
Sherber, D.A.: The Control df Bleeding, Am. J. Surg. 86:331 (Sept., 1953) 


“*.. . Since that date (1953) Adrenosem has been used postoperatively to reduce 
bleeding from all otolaryngologic and bronchoesophagologic procedures...” 
Peele, J.C.: Adrenosem in the Control of Hemorrhage from the Nose and Throat, A.M.A. 
Arch. of Otolaryng. 61:450 (April, 1955) 
“Our experience of the effect of carbazochrome salicylate on 317 surgical 
indications and 13 obstetrico-gynecological conditions has been therapeutically 
encouraging and eyes for the control of capillary bleeding.” 
Bacala, J.C.: The Use of the Systemic Hemostat Carbazochrome Salicylate, West. 
J. Surg. 64: 88 (Jan., 1956) 
“We have also noticed that bleeding stopped more promptly on the operating 
table.” 
Owin .: The Control of Postoperative Bleeding with Adrenosem, Laryngo- 
scope 53: “1955) 
**Primary hemorrhage occurred in 1.7 percent and secondary hemorrhage in 
1 percent of the 300 control patients, but in none of the 500 children who 
received preoperative and postoperative medication [Adrenosem Salicylate].” 
Orzac, E.: Medical Care of the Child Patient Before and After Adenoidectomy and 
Tonsillectomy, N.Y. State J. Med. 55:886 (Mar., 1956) 
**Adrenosem Salicylate is nontoxic and has a high index of therapeutic safety. 
At the recommended dosage levels there are no contraindications. It has no 
cumulative effect. Patients treated for more than two years show no toxic 
effects attributable to the drug.” 


Riddle, A.C., Jr.: 


Adrenosem Salicylate: A Systemic Hemostat, Oral Surg., Oral Med., 
Oral Path. 6:617 (June, 1955) 


Adrenosem Salicylate is supplied in 
* ampuls 

* tablets 

* and as a syrup. 


Write for comprehensive illustrated 
brochure describing the action and 
uses of Adrenosem Salicylate. 


THe s.c. MASSENGILL company 


BRISTOL, TENNESSEE «e NEW YORK e KANSAS CITY e SAN FRANCISCO 
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modernize 
with 
Shampaine 
Steelux 
furniture 


Every detail of decor and 
layout is planned for you by 
Shampaine ... to create a 
relaxing atmosphere—patient 

comfort—medical efficiency 

in any size examining room. 


Write for complete Shampaine 
Steelux Decorating and Color 
Service today! 


1920 S. Jefferson, St. Louis, Missouri 


THE WORLD'S MOST COMPLETE LINE OF EXAMINING ROOM FURNITURE 
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The normal skin has an 
acid pH between 4 and 6. 
This acid mantle acts as 
a protective barrier. 


When the skin is washed 
with soap or detergents, 
or is exposed to chemi- 
cals, solvents, et cetera, 
the protective acid man- 
tle is removed. 


at a pH of 4.5 
SHAKE WELL BEFORE USING 


DOME CHEMICALS 


102 West 64th Street New 


This exposes the un- 
rotected skin to contact 
irritants and pathogenic 
organisms. {t results in a 
rise in the skin pH above 
7, provides a fertile field 
for development of harm- 
ful bacteria and fungi, 
and may result in various 
types of dermatitis. 


Dome Acid Mantle ret 

acid AVAILABLE—Acid Mantle Creme THERE’S NO SUBSTITUTE FOR 
pH in a matter of seconds pH4.2 in 1 oz. tubes, 4 oz. an . 
and holds it for hours. — 16 oz. jars. Acid Mantle Lotion MAGICN Mantie® 
Both the creme and lotion pH4.5 in 4 oz. squeeze bottles 

are greaseless, stainless. and 16 oz. bottles. CREME or LOTION-DOME pH4.2 


GHEMICALS Inc. 


| 109 W. 64 ST. NEW ste 23, N.Y. wy 


For 
Comfort... 
Neatness . . 


For 


Support... 


Compression 


trodes. | ELASTOPLAST 


able Original 
o Molds and holds to any contour . . . Allows joint 


E-L-A-S-T-I-C motion . . . Provides firm support and controllable 


compression .. . Does not slip. Assures the neatest, 
Adhesive most comfortable dressing in private and hospital 
Bandage practice. Available at your dealer in widths of 1, 2, 


234, 3, 4, 5 and 6 inches, 3 yards long (slack). 
® Hlastoplast Is also available in convenient unit dressings and compresses, Write for literature. 


LABORATORIES, INC. 


“SOUTH NORWALK, CONN., U. S.A. 
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MODERN DRUG ENCYCLOPEDIA 


and modern drugs supplements $1 5 


The only three-year reference service of its 
kind with complete, authoritative data on 
new ethical drugs now completely revised 
in this, “better than ever’, 6th Edition. 
Prescription products, narcotics and ex- 


HANDSOMELY BOUND IN RED FABRIC CON- 
TAINS over 1500 PAGES, SIZE 914" 214" 


COMPLETE WITH GENERIC NAME INDEX 
AND SELF-PRONOUNCING DRUG LISTINGS 


¢ Over 50,000 
Physician, Pharmacist, Institution purchasers 
Now required 
by Michigan State Board of Pharmacy 
¢ Recognized as leading reference text by College 
and University Schools of Pharmacy 
© 97.2% subscribers who receive it . . . use it 


© 89.8% keep it within finger-tip reach 


empt-narcotics are indicated for the first 
time. Here is your source for latest compo- 
sition, action, uses, supply, dosage—also 
cautions and contraindications of thou- 
sands of new drugs. 


MAIL THIS COUPON NOW 


DRUG PUBLICATIONS, INC. 
49 West 45th Street, New York 36, N. Y. 


Enclosed is the sum of fifteen dollars ($15.00** U.S.A.) 
for which please send me postpaid the Sixth Edition of the 
MODERN DRUG ENCYCLOPEDIA AND THERAPEUTIC 
INDEX plus the bi-monthly supplementary service, MOD- 
ERN DRUGS. Binder for supplements—$2.50 extra. 


NAME 


ADDRESS” 


CITY “ZONE 


**For $18.00 **includes three- supplementary 
$3 per year. 


200808680868 
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problem: 
solution: 


to new 
and improved 
technics 

in surgery 


How to assure increased efficiency in maintaining 


continuous suction negative pressure. 


Dress the primary incision and the drainage 
wounds with Aeroplast. ® 


Sprayed around the stab wounds holding drains, 
Aeroplast surgical dressing assures airtight closure 


for efficient negative suction. Used to dress 
the primary incision, Aeroplast conforms 
to difficult body contours and stays in place, 
offsetting possible leakage. 


Aeroplast plastic surgical dressing is a versatile 
instrument which the imaginative surgeon can use 
to solve other difficult or unusual dressing problems. 


For successful use of Aeroplast, the aerosol con- 
tainer should be held at least 10 or 12 inches away 
from the area to be dressed. Then spray it on lightly 
—just a swish over the wound—and let it dry for 
30 seconds. Apply two more times, still allowing 
sufficient time for drying and still at a distance of 
10 or 12 inches. Don’t expect to see a heavy, thick 
film. Three, light quick sprays form a film which, 
although transparent and barely visible, is an effi- 
cient surgical dressing and bacterial barrier. 


If hemostasis is incomplete, a single layer of 
gauze may be placed along the incision while the 
first spray of Aeroplast is still sticky. Then continue 
technic as above. 


®AEROPLAST-— plastic surgical dressing 
48 


BRAND OF VIBESATE 


Use of Aeroplast in both operative and traumatic surgery has been 
widely documented. May we send you reprints and literature? 
eG: : AEROPLAST CORPORATION, 420 DELLROSE AVENUE, DAYTON 3, OHIO 
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for the apprehensive surgical patient 


Dosage: Usually 1 pulvulet.i.d. 
Adjust as needed. 


Supplied: As attractive tur- 


quoise-and-white pulvules of 
300 mg., in bottles of 100. 


ULTRAN 


(Phenaaglycodol, Lilly) 


quickly allays anxiety 


In both the preoperative and postoperative patient, ‘Ultran’ 
will establish and maintain a calmer state of mind. When the 
patient is overly concerned regarding his future personal ef- 
fectiveness and health, ‘Ultran’ will assist you to promote a 
healthful mental outlook. 


mental acuity not impaired 

Exhaustive psychological testing shows that recommended 
dosage does not affect intellectual or motor abilities. ‘Ultran’ 
is the first drug for which this has been established by objec- 
tive and standardized quantitative tests. 


chemically unique 


‘Ultran’ is a new chemical compound, one of a group of bu- 
tanediols synthesized at the Lilly Research Laboratories. It 
is not a modification of any other therapeutic agent. 


774070 


LILLY AND COMPANY + INDIANAPOLIS 6, INDIANA, U.S.A. 
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I always keep 


the “Green 


Most physicians keep The American Journal of Medicine on file. For 
years the “Green Journal” has been a leader in the field of internal 
medicine. It is kept for its original papers by distinguished physicians, 
special seminar and symposium issues, and for its Hospital Conference 
and Clinical Research Society reports. Here is the authoritative journal 
you need for regular use and ready reference. Subscribe now—12 
months, U. S. A. $12, Foreign $15. 


The American Journal of Medicine 
of THE YORKE GROUP 


Publishers of The American Journal of Surgery, The American Journal of Clinical 
Nutrition, Modern Drugs 


49 West 45th Street, New York 36, N. Y. 
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about the performance of 


ELECTROSURGICAL UNITS 


Ask particularly about the latest and finest 
of all Bovies—the Model “AG” Bovie : 
Electrosurgical Unit, the one and only unit 
featuring both tube and spark-ga cutting, 
each in ependent of the other! Ask about 
the “AG” Bovie’s four specialized cutting 
currents . . . effective hemostasis without 
the uncertainties of current blending . . . 
completely automatic spark-gap adjust- 
ment . . . dependable standardization of 
for all techniques! 
y all means, ask us to send you, 
without obligation, our latest de- 
scriptive brochure. 


| ALSO AVAILABLE: THE L-F 
| EXPLOSION-PROOF FOOTSWITCH 


Gentlemen: 


Please send (without your latest illustrated bro- 
chure on the Model “AG” Bovie Electrosurgical Unit to: 


THIS COUPON FOR; 
DESCRIPTIVE BROCHURE, 


0 CHECK HERE if free appraisal of older equipment is wanted. 
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“,..a new approach to wound healing..." 


Pan <A LE ointment 
debrides necrotic tissue 
keeps wound clean 
is promotes normal healing 
: ie PANAFIL Ointment meets the need, in stubborn, slow-healing 
i wounds, for a “...topical preparation which...can both clean 
see out the resistant lesion and foster the natural healing process.”? 


Confirming this dual action of PANAFIL therapy, investigators 
characterize resultant granulations as healthy and highly vas- 
cular, with subsequent epithelium soft and pliable.! 

Three ingredients in PANAFIL Ointment provide therapy safe 
for continuous out-patient use*—yet effective in debilitated hos- 
pitalized patients :'? 


e Papain—efficient enzymatic debriding agent, harmless to nor- 
mal tissue. 

* Urea—augments the cleansing action of papain. 

*Chlorophyll derivatives—control inflammation and promote 
healthy granulation. 

PANAFIL Ointment contains papain powder 10%, urea U.S.P. 

10%, and water-soluble chlorophyll derivatives N.N.R. 0.5% in 

a hydrophilic ointment base. Available in 1-ounce and 4-ounce 

tubes on prescription only. 


Literature and samples for clinical trial available on request. 


(1) Miller, E. W.: New York State J. Med. 56:1446, 1956. 
(2) Morrison, J. E., and Casali, J. L.: Am. J. Surg., to be pub- 
lished. (3) Garnes, A. L., and Barnard, R. D.: Angiology, in press. 


PANAFIL FOR IMPROVED ENZYMATIC THERAPY 


COMPANY wovnr vernon, 
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Operation Ch 
Cholecystectomy 


c 
2uregon. Dr Lem 
in 


Assistant: Dr. Wilson 


Assistant: 


cough in particular 


Aneshetin Dr 
a postoperative 


Procedure: 


i The pa 
and the abd 
right rectu 
tissue down has distinct advantages- Equal 


muscle spli: 
rectus fasci \ or 


deine in specific 


superior to co 


no adhesions 
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ssion, gastric 
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gallbladder b 
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anterior the peritoneum figure-of-8 #3 osterior 
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with interrupted boric, taneous tissues. Sk in ed silk suture: 
000. black 23} 
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PRODUCT INFORMATION 


ROMILAR ‘roche: 


non=narcotic cough specific 


: DESCRIPTION: Romilar has a specific antitussive effect 
equal to that of codeine but it is non-narcotic; 

does not cause central depression, nausea, constipation 
or addiction. Chemically, Romilar Hydrobromide is 
d-3-methoxy-N-methylmorphinan hydrobromide. 


o INDICATIONS: Relief of cough. 

Fe ONSET: 15 to 30 minutes. 

ae 7 DURATION: 3 to 6 hours. 

re DOSAGE FORMS: Syrup (15 mg/5 cc); expectorant 
oa (15 mg Romilar and 90 mg NH«C1/5 cc); tablets (15 mg). 
aa: DOSAGE 1 to 4 times daily- 

oy Adults 15 to 30 mg (1 to 2 

tee tabs. or teasp. ) 

— Children 3.75 to 7.5 mg (% to ¥% 

ns (1 to 4 years) teasp. ) 

“3 Children 7.5 to 15 mg (% to 1 

(over 4 years) teasp. ) 


SUPPLY: Romilar Syrup, butterscotch-flavored, is 
supplied in bottles of 4 and 16 oz. Romilar Expectorant, 
fruit-flavored, is supplied in bottles of 16 oz. 

Romilar Tablets, sugar-coated, are supplied in packages 
of 20 and 100. 


Romilar® Hydrobromide - brand of dextromethorphan hydrobromide 


Hoffmann-La Roche Inc Nutley 10 New Jersey 


4" 
if 
~ 
3 
4 


Get practical help from the only publication today devoted entirely to 
applied nutrition. Let The American Journal of Clinical Nutrition help 
you with the ¢otal care of your patients under medical or surgical treat- 
ment. This authoritative journal covers all phases of nutrition, gives 
you up-to-date case history data, reportings of leading specialists, inte- 
grated world abstracts, practical guides, timely editorials, book reviews 
and outstanding news of the field. Subscribe now. 


One year (6 issues) U.S.A. $8.00, Canada $8.50, Foreign $9.00 


THE AMERICAN JOURNAL OF (\]inical Nutrition 
of THE YORKE GROUP 


Publishers of The American Journal of Surgery, The American Journal of Medicine, Modern Drugs 
49 West 45th Street, New York 36, N. Y. 
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NOTES AND QUOTES 


THE AMERICAN CANCER SOCIETY announced 
that its program of Clinical Fellowships will 
continue through the institutional year July 1, 
1958—June 30, 1959 with Fellowships beginning 
July 1, 1958. A limited number of Fellowships 
are offered to institutions whose postgraduate 
training programs are approved by the Council 
on Medical Education and Hospitals of the 
American Medical Association. These Fellow- 
ships offer graduates in medicine opportunities 
for postgraduate training, emphasizing diagno- 
sis and treatment of cancer. Applications from 
institutions for the year 1958-1959 must be 
submitted by Deans, Executive Officers or 
Department Heads prior to April 15, 1957. 
Note change in deadline from previous years. 

The Society also announced that a limited 
number of Fellowships in Radiation Therapy 
are being offered in 1958-1959 to properly 
qualified graduates in medicine who have 
already received thorough basic training in the 
principles and practice of radiation therapy and 
who would desire to spend additional periods of 
training in that specialty at certain clinics in 
the United Kingdom, the Scandinavian coun- 
tries and France. Fellowships may begin at any 
time mutually agreeable to the institution and 
the fellow. The deadline for receipt of applica- 
tions is April 15, 1957. Further information 
about these fellowships may be obtained from: 
Director of Professional Education, American 
Cancer Society, Inc., 521 West 57th Street, 
New York 19, N. Y. 


The Food and Drug Administration said recently 
that stem pessaries are dangerous and should be 
removed from the market at once. In a formal 
policy statement published in the Federal Register, 
FDA concluded that “stem-type and wing-type 
intracervical and intrauterine pessaries are 
dangerous to health, and regardless of their label- 
ing, may be shown to be misbranded.”’ Distribu- 
tors were advised by FDA to remove such articles 
from the interstate market at once, with a strong 
bint that otherwise court proceedings would be 
instituted. 

FDA emphasized, however, that its action does 
not apply to other types of pessaries which are 
safely used following surgery and for supportive 
purposes. 

The policy statement declares that it is now 


the consensus of medical opinion among experts 
qualified by scientific training and experience to 
evaluate the safety of such devices that stem- -type . 
and wing-type intracervical and intrauterine 
pessaries are dangerous for use under any form 
of labeling and serve no useful purpose. 

Dr. Albert H. Holland, Jr., Medical Director 
of the Food and Drug Administration, said that 
such devices have been used as contraceptives for 
many years but are not reliable for preventing 
pregnancy. He said the pessaries have been 
labeled for use only under medical supervision 
since 1941, and that the decision to institute legal 
action against them was reached as a result of a 
recent medical survey in which g2 per cent of the 
experts consulted regarded these devices as danger- 
ous for use under any conditions. These opinions 
were supported by many known cases of injuries, 
infections, cancer and pregnancy associated with 
the use of such pessaries. 


Catuo ic schools of nursing are turning out 
one-third of all the graduate registered nurses 
in the nation, Margaret Foley, Secretary of the 
National Conference of Catholic Schools of 
Nursing, an affiliate of the Catholic Hospital 
Association, stated recently. She said the 322 
Catholic nursing schools were providing a 
higher percentage of professional people than 
Catholic schools in ‘‘any other phase of educa- 
tion.” Fully accredited Catholic nursing schools 
increased 33 per cent during the last year. 

There is an acute shortage of nurses through- 
out the country, she said, but added that hos- 
pitals could be fully staffed if 7 per cent of all 
high school girl graduates chose nursing as a 
career. At present the percentage is fluctuating 
between 6 and 7 per cent. 


A series of advertisements for Wyeth Laboratories 
won a “‘Best of the Year” Franklin Gold Medal 
award recently in the fifth annual exhibit spon- 
sored by the graphic arts industry of Delaware 
Valley in Philadelphia. The award was made to 
Lewis er Gilman, Inc., advertising agency for 
Wyeth, for a series of six inserts on Bicillin, a 
unique form of penicillin, which appeared in the 
Journal of the American Medical Association. 
The grapbié arts exbibit was beld in conjunction 


with Philadelpbia’s observance of 1957 Printing 
Week. 


CONTINUED ON PAGE 56 
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THE SURGEON’S MART 


RECOGNIZED BY NOTED SURGEONS 
AND LEADING CLINICS 


INEXPENSIVE 
Gravee THIN 
FEATHERWEIGHT 


Perry Sleeve 
APPLIANCES 


uality—Comfort—Service—are the utmost importance in 
the manufacture of all Perry Products. 


Perry Appliances are made in a variety of models and sizes. 
They have been highly recognized since 1939. 

Perry Slip-on Sleeves for preventing leakage of ileostomies 
and uretorstomies are superior to adhesives and cements. 
For best results, the stoma should extend out beyond the 
skin surface 3 inch or more, preferably 1 inch. Diameter 


sizes 4. §. 3. 1. 14. 14. 13. 14. 14. 2.” 
Write for price list and literature 


MURLE PERRY 
3803 E. Lake Street Phone PA 2-4783 Minneapolis 6, Minn. 


CAMP ’s Simple 
One Piece Hospital Binder 


Made from white woven 
elastic with front panel of 
foam rubber vulcanized to 
tackle twill, faced with 
flannel for comfort. Three 
alternating buckles and 
straps for side closing. The 
high top of the front panel 
can be reversed for low 
abdominal incisions, 


CAMP Spinal Hyper- 


extension Brace 


MODIFIED SCUDERI 
HIP PROSTHESIS 


Ball portion, or head, and washer de- 
tachable from stem. Allows fitting of 
different size femoral heads without re- 
moving entire unit. Ball is hollowed out, 
fits over end of stem, allowing move- 
ment of ball even after becoming 
frozen in socket. Removable washer 
affords greater or less length. Stem 
(large or medium size) generally re- 
quires smaller canal, less reaming. Ser- 
rated fin edges assure firm implanting. 
SMO Stainless Steel. No. 618A, com- 
plete with stem, ball, and washer 
(specify: ball diam., 1%”, 1%”, or 1%”; 
medium or large stem). 


S.H. CAMP & COMPANY, Jackson,. Michigan 
World’s largest manufacturer of Anatomical Supports 


A new washable and odorless 
Camp brace for positive hyper- 
extension in cases of compres- 
sion fractures, osteoporosis with 
kyphosis, Marie-Struempell's dis- 
ease and adolescent epiphysitis. 
Easily adjusted, rotating pads at 
sternal and pubic areas to elimi- 
nate pressure edges. 


for Walking Casts 


3 SIZES FILL ALL REQUIREMENTS 


No. 250L —large........... 10.00 doz. 
No. 250M—medium......... 10.00 doz. 
No. 250S —small............ 8.00 doz. 


SEND FOR COMPLETE CATALOG! 


Since 1895 


WARSAW 4, INDIANA 


All-Rubber Heel 


FEATURES OF THE STREET ALL-RUBBER HEEL 
% molded in one piece 

hollow center for resiliency 

flexible sole 


rocker surface 
no nails or rivets 
non-skid tread 
raised cleats 


WRIGHT MFG. CO./739 Jackson Ave./Memphis, Tenn. 
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When Bed Sores 
Are a Problem 
or a Probability 


Write BSP Liquid 


BSP Liquid helps prevent and heal bed sores . . . pro- 
vides healing properties and coats pressure areas to 
reduce further irritation. Available in 4-oz. bottles. 
For samples and literature, please write: 


Otis E. Glidden & Co., Inc., Waukesha 28, Wis. 


THE RADIUM EMANATION CORP. 
GRAYBAR BUILDING, NEW YORK 17,N. Y. 


MURRAY HILL 3-8636 


RADIUM 


RADON 


SEEDS — APPLICATORS 


In answering advertisements please mention The American Journal of Surgery 
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NOTES AND QUOTES— 


A NEw brochure offering expert guidance to 
physicians on the presentation of medical testi- 
mony is now available from The Wm. S. Mer- 


rell Company, Cincinnati, Ohio, ethical phar- 


maceutical laboratories. 
The brochure, entitled ‘‘The Medical Wit- 
ness,” has been prepared in cooperation with 


the law department of the American Medical . 


Association. The pamphlet offers a series of 
precepts by C. Joseph Stetler, Director of the 
A. M. A.’s law department, to assist physicians 
who may be called on as courtroom witnesses. 
Also included in the brochure is a comprehen- 
sive bibliography of medical-legal literature. 
The pamphlet is based on “The Medical 
Witness,” the first of a series of six medical- 
legal films sponsored by The Wm. S. Merrell 
Company, in cooperation with the A. M. A. 
and the American Bar Association. The film, 
available to physician audiences through the 
A. M. A.’s film library, depicts right and wrong 
methods of presenting medical testimony by re- 
enacting the trial of a personal injury case. 
The film series “represents the culmination of 


an effort by the A. M. A. to help correct 


deficiencies and abuses in the field of medical- 
expert testimony.” As the new brochure points 
out in quoting an editorial from the Journal 
of the American Medical Association, ‘‘the 
importance of medical testimony today is 
graphically illustrated by the fact that it is 
required in from 60% to 85% of all litigation.” 

Physicians may obtain free copies of this 
brochure for their personal libraries by writing 
to the Director of Professional Relations, The 
Wm. S. Merrell Company, Cincinnati 15, Ohio. 


William Smith Fowler, Curator of the Bronson 
Museum in Attleboro, Massachusetts, bas un- 
covered new information which reveals that pre- 
historic men who migrated to the North American 
Continent via the Bering Strait settled in the area 
that is now the coastal region of New England 
around 7500 B.c. Dr. Fowler’s findings were made 
public in bis new book, “10,000 Years in 
America,” published in February by Vantage 
Press. Dr. Fowler reconstructs the life of pre- 
historic man on this continent, particularly in 
New England, through evidences uncovered in 
bis excavations in recent years. 

For those portions of the book which deal with 


primitive man’s migratory push into the Nortb- 
east section of the United States, Dr. Fowler drew 
upon bis personal research in the field through 
excavation of sites formerly occupied by early 
man. He tried to reconstitute their existence by 
living in quarries and shaping stone pipes and 
bowls with stone tools of aboriginal quarry work- 
ers. This work was done over a period of fifteen 
vears in collaboration with the Peabody Museum 
of Yale University, the Massachusetts Archae- 
ological Society and the Narragansett Archae- 
ological Society of Rhode Island. 


BREAKING all previous records, the population 
of the United States increased by 2,900,000 
during 1956, bringing the total, including the 
Armed Forces overseas, to 169,670,000 at the 
end of the year. In the years since the close of 
World War 11, almost twenty-nine and a half 
million people have been added to our popula- 
tion—more than the total gain during the 
twenty-three years between the two world 
conflicts. 

The unprecedented population growth in 
1956 reflects an increase in births to the highest 
level in our history. There were about 4,200,000 
births during the year, compared with 4,091,000 
in 1955 and 4,078,000 the year before. The 
births in 1956 correspond to a rate of 25.1 per 
1,000 population residing in the United States. 
For eleven years now the birth rate has ex- 
ceeded 24 per 1,000. 

The baby crop of 1956 also set a new mark in 
another respect—its success in overcoming the 
hazards of early life. Infant mortality for the 
year dropped to a new low of about 26.2 per 
1,000 live births, thus continuing the long-term 
progress which has been made in conserving 
the lives of babies. This rate is about 1 per cent 
less than the previous low established in 1955, 
and one-fourth under that of a decade ago. 


In a controlled clinical investigation, Iodo- 
Niacin tablets provided successful results in a 
series of twenty-two cases of retinal and vitreous 
hemorrbages and eighty-nine cases of vitreous 
floaters. Compared with a group on placebo medi- 
cation, the treated patients showed much more 
rapid and complete absorption of retinal and 
vitreous hemorrbages. Iodo-Niacin tablets contain 
135 mg. of potassium iodide and 25 mg. of ni- 


CONTINUED ON PAGE 58 
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THE SURGEON’S MART 


BED COVER SUPPORT UM P’’ 
PLATED STEEL CAN BE FOLDED PREVENTS BROKEN TEETH 


DURING 
BRONCHOSCOPY 
LARYNGOSCOPY 
TONSILLECTOMY 

EXTRACTION 


Tooth fragments can cause 
trouble. Avoid them by using 
Gumps. GUMP fits either 
upper or lower teeth. Soft 
rubber. Held securely by 

: suction. Adult or child size. 
This Bed Cover Support can be placed at $1.50 each; pair $3.00 


any part of the bed. It is secured between Order from your dealer. 
mattress and spring. It does not have SIL-SPRAY 


to be moved in order to attend patient. PURE SILICONE LUBRICANT 


Catalog #125 Lubricate, rustproof instruments, guns, etc. 
Spray-can for hard-to-reach places. Heat-proof, 


RAJOWALT COMPANY, ATWOOD, INDIANA cold-proof. Odorless, colorless, non-toxic. 
12 oz. Can—$3.95 
Sold ohly through Surgical Dealers Order from your dealer. 


Manufacturers of Fracture Equipment DUXE PRODUCTS 
205 Keith Bidg. Cincinnati 2, O. 


Catalog will be sent upon request 


BUCK’S ADJUSTABLE EXTENSION HOOK 


For Buck's method and 


Russell method of treating 
fractures of the femur. Fits 
over end of any bed. Vinyl 
plastic covering prevents 
marring. (No. 56-E has dou- 
ble pulley.) Also weights, 
traction, cords, and related 
items. 


Send for 132 page catalog! 


co., WARSAW, IND. j Olhopedic EQUIPMENT CO. 


COLOSTOMY and ILEOSTOMY R A DI UM 


3. Easily Applied 7. Easy to Empty 
4. No Cement SEEDS — APPLICATORS 
. Odorless 


Write THE RADIUM EMANATION CORP. 
ROYAL SURGICAL APPLIANCE INC. GRAYBAR BUILDING, NEW YORK 17,N. Y. 


622 Washington Sq. Bidg., Royal Oak, Mich. MURRAY HILL 3-8636 


In answering advertisements please mention The American Journal of Surgery 
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NOTES AND QUOTES 


acinamide bydroiodide. No case of severe iodism 
occurred with the use of niacinamide. Absorption 
of retinal bemorrbages in patients treated with 
Todo-Niacin was observed ophthalmoscopically 
and recorded by before and after retinal photo- 
graphs. More than go per cent of the eighty-nine 
treated patients with vitreous floaters showed sub- 
jective improvement and of these, 50 per cent 
showed objective improvement. Not one of the 
thirty-four controls was improved. 


THE next scheduled examinations (Part 11), 
oral and clinical, for all candidates for the 
American Board of Obstetrics and Gynecology 
will be conducted at the Edgewater Beach 
Hotel, Chicago, Illinois, by the entire Board 
from May 16 through 25, 1957. Formal notice 
of the exact time of each candidate’s examina- 
tion will be sent him in advance of the examina- 
tion dates. Candidates who participated in the 
Part 1 examinations will be notified of their 
eligibility for the Part 11 examinations as soon 
as possible. 


Development of a new type of nylon artery graft, 
which bas added years of useful activity to the 
lives of bundreds whose arteries have become 
damaged, “‘clogged up or worn out,” was de- 
scribed in a recent issue of Monsanto Magazine, 
released by the Monsanto Chemical Company. 

Called a “Y” graft because of its shape, the 
tube bas opened areas of surgery closed except for 
rare operations in which another human’s artery 
was substituted for the diseased one. Development 
of the nylon artery makes it possible for even 
the smallest rural clinic to keep an adequate 
stock of grafts on band for emergency. Surgeons 
working right bebind the front lines in times of 
war also will be able to keep ample supplies in 
readiness. 

Use of this man-made substitute is not limited 
to diseased arteries. Edwards and Tapp see 
nylon grafts eventually playing an equally im- 
portant role as replacements for damaged arteries. 


A NEw diagnostic x-ray unit called Cine-Fluo- 
rex® has been introduced by the Westinghouse 
Electric Corporation’s X-Ray Division, Balti- 
more, Maryland. This x-ray unit incorporates 
the Fluorex image intensifier with motion pic- 
ture recording for practical radiologic study. 


Cine-Fluorex x-ray units are adaptable to 
modern tables without altering normal fluoro- 
scopic work habits. Simultaneous viewing with 
both eyes during cinefluorography is permitted. 

Sixteen millimeter film size is used for opti- 
mum diagnostic quality, low cost and ease of 
handling. Practical film speeds of fifteen or 
thirty frames per second allows recording of 
fast-motion body functions which may then 
be studied repeatedly. The cine control provides 
synchronization of the x-ray beam with the film 
so that x-rays are generated only when the film 
is stationary. A 50 per cent reduction in patient 
exposure time is achieved. The Cine-Fluorex 
stabilizer maintains a constant brightness, 
hence a uniform film density for any variable 
in body thickness. 

Accessories for complete processing of the 
film are available. For a heavy work load, the 
mobile-desk unit which includes the projector, 
editor, and splicer is available..For further in- 
formation, write: Westinghouse Electric Corp., 
X-Ray Div., P.O. Box 416, Baltimore, Md. 


“Medical education in the Far East is suffering 
because of the clamor for more doctors,” Duke 
University pathologist Wiley D. Forbus stated 


‘recently. He recently returned to Duke from a 


four-month study and advisory assignment in 
the Orient, and said during an interview that 
“generally speaking, there are more medical 
students than can possibly be educated with 
present facilities.” 

He explained that medical schools are under 
constant pressure to turn out more and more 
physicians. This means overcrowding the schools, 
thus making it impossible to maintain proper 
standards. 

“Oriental medical schools face the problem of 
keeping their standards high when the majority 
of the population doesn’t know what good stand- 
ards are,” Dr. Forbus said. He also stated that 
medical teaching methods in the Orient are “by 
and large, those of 19th century Europe.” Com- 
petent teachers are scarce, and research is 
extremely limited in all but a few schools. Among 
the exceptions to this general pattern, he said, is 
Taiwan (Formosa) National University Medical 
School, which bas “‘made tremendous progress 
and is rapidly reaching a position of prominence 
and importance in the Far East.” 
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DERMATOME 


SIMPLIFIES 
SKIN 
GRAFTING 


Accurate and uniform grafts up to 4 inches 
wide, 8 inches in length. Inexpensive 
THROW-AWAY BLADES, DERMATOME 


TAPE, and other accessories available for 


Write Today for Complete Information 
KANSAS CITY ASSEMBLAGE CO. 


816 LOCUST * KANSAS CITY, MO. 


eo 


ROLO-DERMATOME 


@ Simple, fast blade 
Changing...always 
ready. 


@ Graft thickness 
easily regulated. 


THE SURGEON’S MART 


all models. 


PAIN- 


The predominant symptom for which a 
majority of patients seek medical help. 

For nerve block control of neuralgic phases of 
somatic pain, SARAPIN, the aqueous non- 
toxic distillate of Pitcher Plant has been used 
successfully by clinicians throughout the coun- 
try for nearly a decade. 


regional analgesia may be 


found in our booklet “Sarapin, 
Injection Technique in Pain 
Control,” and is available on 
request. 


HIGH CHEMICAL COMPANY 
Philadelphia 22, Pa. 


@ Rolls...requires no 
skin preparation. 


Rolo-Dermatome guaranteed for two years. 


ILEOSTOMY BAGS 
Custom Built to Order 


CEMENTED TO THE SKIN 
LEAK PROOF 


H. W. RUTZEN & SON 
Surgical Appliances—Dept. S. 
3451 West Irving Park, 

Chicago 18, Illinois 


For Patient Protection 


The Posey Safety Belt 


Gentle and effective. We suggest nurses be instructed 
to use safety belt after operation so that patient will 
not fall or get out of bed. 


Standard Model: S-141, $6.00. Extra-hea model: 
P-453. Riveted construction with keylock buckles, $18.50 


J. T. POSEY COMPANY 


801 N. Lake Avenue (Dept. AJS) Pasadena 6, 
California 


In answering advertisements please mention The American Journal of Surgery 
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for faster and higher 


initial tetracycline blood levels 


now ...the new phosphate complex of tetracycline 


Squibb Tetracycline Phosphate Complex 
the broad clinical spectrum of SUMYCIN against pathogenic organisms 


Gram Negative Bacteria Gram Positive Bacteria 


histolytica 


Pneumococci 


Neisseria Streptococci Staphylococci 


Salmonella Coliforms 


Rickettsias 


Large Viruses 


SUMYCIN 
the new phosphate complex of tetracycline 


SUMYCIN 
a single antibacterial antibiotic 


SUMYCIN 
a well tolerated antibiotic 


SUMYCIN 
a true broad spectrum antibiotic 


Minimum adult dose: 1 capsule q.i.d. 

Each Sumycin capsule contains the equivalent 
of 250 mg. tetracycline hydrochloride. 

Bottles of 16 and 100. 


Squibb Quality —the Priceless Ingredient 


*SUMYCIN® IS A SQUIBB TRADEMARK 
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‘* MEXICAN LANDSCAPE’’ BY COPELAND BURG 


From Mexico, too, come reports on Pentotha/... honoring... 


the world’s most widely 


studied intravenous anesthetic 


In Mexico, as wherever modern medicine is practiced, 
Pentothal serves almost constantly . . . reflecting a record 
unsurpassed for safety, effectiveness and versatility of use. 
Published reports—now numbering over 2500—cover 
every aspect of intravenous anesthesia with Pentothal 
Sodium. This solid clinical background and 23 years of 


| COO mee constant use stand behind your trust in Pentothal 
as an agent of choice in intravenous anesthesia. Obbott 


PENTOTHAL Sodium 


(Thiopental Sodium for Injection, Abbott) 


703014 


Ns 
— : 


Pentothal Sodium by rectum lets the child drop off 
into a dreamless sleep in his own room, awaken there 
m= afterward with no memory of the events between. Kasy 
fm to prepare, Pentothal Sodium administered rectally can 


PENTOTHAL Sodium 


(Thiopental Sodium, Abbott) 
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SULFATARLIDINE 


jHIATOLE 


7,7 grains 


PHTHALYLSULFATHIAZOLE 


SULFATHALIDINE used preoperatively gives you the 
comforting assurance that intestinal bacteria have 
been almost entirely suppressed, that danger from 
fecal contamination is greatly lessened. Maximum 
local effect is insured because of low systemic ab- 
sorption. Given postoperatively, SULFATHALIDINE 
promotes early healing, speeds convalescence. 
SULFATHALIDINE is aiso useful in treating uicer- 
ative colitis. 


CREMOTHALIDINE® is a palatable suspension of 
SULFATHALIDINE. 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., Inc.. PHILADELPHIA }, PA. 
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